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The com plex clinical p rob lem  of 
bone union is d iscussed, em p h a ­
sizing the  req u irem en t for p r i­
m ary  frac tu res healing . The 
s tru c tu res  o f bone an d  cartilage  
are d ea lt w ith , as well as th e ir 
connective and  g ran u la tio n  t is ­
sues, w hich all p a r t ic ip a te  in 
bone regenera tion . T he p ro b ­
lem s of th e  n o rm al develop­
m ent, regenera tion , tra n sp la n ­
ta tio n  and  pa th o lo g y  of bone 
are discussed, based  on e x te n ­
sive h istogenetic , h istochem ical 
h is topatho log ica l, e lec tron -m i­
croscopic as well as b iochem i­
cal inves tiga tions. A deta iled  
descrip tion  of th e  h istochem ical, 
biochem ical an d  m etabo lic  fa c ­
to rs in callus fo rm atio n  is g iven, 
and  the im p o rtan ce  o f v a scu ­
lariza tion  of th e  callus is t r e a t ­
ed. In  connection  w ith  th e  
b iochem istry  o f callus, ce rta in  
problem s of m olecu lar biology 
are  discussed. T h ro u g h  th e  
above theo re tica l investigations, 
the aim  of th e  S ym posium  was 
to  im prove th e  clin ical t r e a t ­
m en t of frac tu res .
The volum e con ta in s  34 papers 
and  26 sh o rt rep o rts  w hich were 
p resen ted  a t  th e  S ym posium  as 
dem onstra tions.
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O PEN IN G  A DD RESS
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St . K hojipeohek
DEPARTMENT OE ANATOMY, HISTOLOGY AND EMBRYOLOGY 
UNIVERSITY MEDICAL SCHOOL. DEBRECEN, HUNGARY
I t is  m y pleasant d u ty  to  welcome you in Debrecen on the occasion o f th e  
Symposium  on Callus biology, sponsored by th e  D epartm ent of Biology of 
the  H ungarian Academ y o f Sciences. F irst of all, I wish to  greet our guests 
who have come from  abroad to  partic ipa te  in this Symposium. \ \ re highly 
appreciate th a t  the  best known and most active representatives of th is 
special field have gathered  here to  give new perspectives to  the devel­
opm ent of our knowledge on callus form ation, bone regeneration, etc.
I  wish to  greet Mr. M. Valkó represen ta tive of th e  local authorities; 
Dr. G. Szilágyi, P resident o f th e  M unicipal Council of Debrecen; Prof. 
P. Szarvas, R ector o f the  K ossu th  Lajos University, Professor of A na­
lytical Chem istry; Prof. P . Juhász , R ector of th e  Medical U niversity , P ro ­
fessor of Neurology and P sychiatry , and  all the  professors and  doctors of 
our U niversity .
I should also like on behalf of the M inister of H ealth , Dr. Z. Szabó, and 
of the Biological D epartm en t of the H ungarian A cadem y of Sciences to  
convey th e ir best wishes for the  success of th e  Symposium.
It is common experience th a t  large specialist congresses have their 
increasing lim itations, whereas sym posium s dealing, e.g. w ith one organ ex ­
am ining it from  a certain  view point b u t discussing its m any-sided aspects as 
well, are becoming more and  more frequent.
The subject of th is Symposium  is the  examination of the healing process of 
fractured bone according to  the  present m any-sidedness of our knowledge.
On th e  occasion of the  opening of the Callus Symposium, m ay I  draw  
your a tten tio n  to  some topical problem s of rehabilita tion  following bone 
fracture.
All over the  world and  in our old continent, we are witnesses to  the  rap id  
advance o f industrialization. In  spite of the  developm ent of equipm ent for 
the  protection of workmen, the  num ber of industrial and  traffic  accidents is 
growing steadily. Consequently, the  problem  of fractu re  healing, i.e. of callus 
form ation is no t only in  the  foreground of in terest, b u t its tim eliness is 
increasing year by  year.
I t  is a biological rule th a t  the  broken bone begins to  proliferate on and 
near th e  surface of th e  fractu re leading sooner or la te r to  a b e tte r  or worse 
repair.
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The purpose of this Symposium is to  find ou t those m ethods by which a 
more rap id  fractu re  healing can be achieved and by  which the  union of the  
broken ends occur in  adequate position and  by  m eans of a callus of good 
quality . I f  our am bition is to  exam ine and  intervene in  the  course of the  
mechanism  of fractu re  healing by  directing it to  achieve b e tte r  results, 
i t  is inevitable for us to  stu d y  the  biology of the newly formed bone in  its 
fundamentals.
I t  is th e  ta sk  of th is Symposium  to  reveal th e  new est achievem ents of 
molecular biology of supporting tissues—especially bone and cartilage — 
and  bring them  in to  connection w ith  electron microscopical, histochemical 
and biochemical processes, exam ining a t  th e  same tim e th e  a lteration  o f local 
tissu lar m etabolism  during d ifferentiation of granulation tissue to  cartilage 
or to  bone.
As i t  is known, fractures bring abou t th e  rupture of the local vascular 
system. Therefore it  is of decisive im portance w hether th e  granulating tissue 
has an  adequate vascular supply.
I t  is im portan t to  know w hether the  callus which has developed is conti­
nuously supplied w ith  capillaries, w hether th e  conditions necessary for th e  
developm ent of p rim ary  bone are ensured, otherw ise th e  bone tissue will 
develop indirectly  by an in term ediary  stage of preform ative cartilage or 
connective tissue.
On studying the  biology of tissues involved in callus form ation, the  im ­
portance of capillarization becomes m ore and  more m anifest, since oxybiotic 
metabolism can take place only in  tissues having a good vascular supply. 
This in terre lation  is ano ther evidence of the  u n ity  of form  and function  in 
th e  field of callus form ation, too.
I t  seems reasonable to  lay stress on the  recognition th a t  form and function  
constitute an inseparable un ity  in  life. The a ltera tion  of one m em ber of this 
u n ity  brings abou t th e  altera tion  of the  o ther m em ber. This recognition has 
bo th  theoretical and  practical aspects. B y recognizing th is correlation be­
tw een form and  function we are able to  induce the  organism  to produce the  
s tru c tu re  required  by us, i.e. cartilage, a new joint or a bony union, even a t 
a site where no cartilage, jo in t or bone had  ever existed. I t  has been known 
for decades th a t  by  changing function we are able to  change th e  quality  of 
th e  callus. I t  is less known, however, th a t  by  stim ulating  or depressing v as­
cularization, prom oting or inhibiting  the  morphological developm ent of the  
vascular system , we are able to  influence local metabolism, and  consequently 
th e  quality of th e  developing callus in the  earliest stage of its developm ent.
W hen a t  th is Symposium  th e  biochemical, physiological, m icroscopical 
and  prim arily  clinical aspects of th e  callus will be discussed, th is  view of 
regarding bone as a  living un ity  cannot be neglected. Therefore, bone should 
be regarded as a  un ity , i.e. th e  bone itself, its marrow (whether haem atopoie­
tic red marrow, or yellow or “ gelatinous” m arrow), its  periosteum  w ith  
special regard  to  its  stage o f activ ity , and  its vascular supply (w hether its 
a rte ria l supply and  venous flow are ensured). I t  should also be considered 
w hether the  bone is surrounded by muscles and  soft parts , to  w hat ex ten t 
th e  lim b is active and w hat are the  circulatory, horm onal and nervous system ­
ic conditions of th e  pa tien t.
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By raising the question of th e  u n ity  of form  and  function, the  problem  of 
clinical and  postoperative trea tm en t is necessarily raised.
W hile in th e  firs t half of th is cen tu ry  the  best trea tm e n t of fractu res was 
considered to  keep the  frac tu red  limb com pletely immobilized, special stress 
being laid on the  advantages of rest, today, in the  tre a tm e n t of fractu res the  
d isadvantages of im m obilization have become more and more m anifest as 
giving rise to  " in ac tiv ity  a tro p h y ” , a phenom enon well known to  an a to ­
mists, physiologists and clinicians. Our fu tu re  aim  in fractu re  trea tm e n t is, 
natu rally , to  avoid inactiv ity  a trophy . Moreover, we have to  find the  th eo re t­
ical principles of th a t  trea tm en t which would spare the  site of fractu re  and 
yet would avoid in ac tiv ity  a trophy  and  would lead to  a rap id  and  sound 
repair. The role of the  surgeon in deciding which trea tm en t should be applied 
in a certain  case of fractu re  is, of course, of g reat im portance.
One of the  tasks of th is Symposium  is to  co-ordinate the  m ultiple th eo re t­
ical investigations w ith the  best m ethods of clinical practice in such a way 
th a t  a fte r a careful critical selection the  theoretically  well-founded m ethods 
should be actually  recom m ended for the  best trea tm en t of p a tien ts .
The partic ipan ts  of th is Sym posium  belong to  d ifferent countries from  the 
A tlantic to  the  Pacific Ocean and  from  the  M editerranean to  the  Baltic. 
They come from  different countries, bu t, have specialized in the  same direc­
tion and  th ey  have a common desire and  purpose: by  developing our know ­
ledge on the  biology of m an ’s skeletal system  and  bone regeneration, to  
co-operate w ith increased special knowledge and  w ith one accord for the  
benefit of m ankind.
In  th e  light of th is though t, 1 open the Symposium.
2  Symp. Biol. H uns. 3
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CHEM ICAL COM POSITION AND METABOLISM  OF CARTILAGE
AND BONE
by
V. Z am bo tti
INSTITUTE OF BIOCHEMISTRY, UNIVERSITY OF MILAN
and
L. Bo l o g n á m
INSTITUTE OF BIOCHEMISTRY, UNIVERSITY OF PAVIA, ITALY
I n this repo rt we in tend  to  take a general view of the  more significant d a ta  
concerning the  chem istry and  biochem istry of preosseous cartilage and  bone 
w ith special reference to  contributions of our school.
Em bryologically several types of ossification can be d istinguished. Biochem ­
ically it  seems th a t  the  chemical factors responsible for th e  ossification 
process are very  similar. The analy tical d a ta  available in  th e  lite ra tu re  are 
frequen tly  discordant. This could be explained by considering th e  v aria ­
bility  of th e  sam ples of analysed m aterial and  also th e  fact th a t  ossifiable 
cartilage and  bone are dynam ic system s where th e  process of destruction  
and  reconstruction tak e  place actively  in  perm anen t evolution.
G E N E R A L  C O M PO SIT IO N  O F C A R T IL A G E  A ND  BO N E
I N O R G A N I C  C O M P O N E N T S
We begin by considering th e  inorganic constituen ts of these tissues. The 
epiphyseal cartilage is a tissue very rich in water. According to  the  investi­
gations of De B ernard  and  Castellani (1955) obtained in our laboratory , the 
percentage calculated for dried m aterial a t  110 °C m ay reach 77 to  78%. 
Table T com pares this value w ith  those of d ifferent types of cartilage.
T a b l e  I
W ate r in  ca rtilage
Type of cartilage % Reference
Patella (human infant) 80-0 Eastoe (1961)
Costal (human infant) 85-0 E as toe (1961)
Costal (human adult) 60-0 Eastoe (1961)
Costal (young dog) 74-0 Eastoe (1961)
Articular (young dog) 76-4 Eastoe (1961)
Nasal septum (ox) 76-9 Eastoe (1961)
Tracheal (ox) 66-6 Eastoe (1961)
Epiphyseal (rabbit 12 —15 days) 77-6 De Bernard and Castellani (1955
Epiphyseal (rabbit 30 — 40 days) 76-4 De Bernard and Castellani (1955
These are average values which, however, can vary  widely according to  
the  cartilage type, age and  anim al species. I t  m ay be of in terest th a t, accord­
ing to  Miles and  Eichelberger (1964), th e  w ater conten t of hum an articu la r 
cartilage is constan t un til th e  age of 50, a fte r which the  ex tracellu lar w ater 
decreases, whereas the  endocellular w ater in the  chondrocytes rem ains con­
stan t .
The main inorganic constituents of cartilage are given in 'fab le  II .
T a b l e  I I
In o rg an ic  co n stitu en ts  o f ca rtilage . T he values a re  expressed  in 
m g p e r  100 g o f d ry  w eigh t (a f te r  E ichelberger e t  a l. 1951)
Ox Dog
Tracheal Nasal (,'ostal Articular
e i- 420 800 640 890
Na 2170 1980 1850 2200
K 340 757 780 980
s o r 1470 1020 1000 1100
Ca' 243 155 180 220
Mg 85 60 84 96
Note: th e  follow ing e lem en ts were found in traces: Si (9 to  IS m g % ; K ing an d  Belt 
1998), and  F  (0 '9 to  T 5  m g; D e E ds 1903).
The bone also shows g rea t varia tion  in  w ater content: th is is a  function 
of th e  ty p e  o f bone, th e  anim al species, age and anatom ical portion. For 
hum an bone a t  different ages, d a ta  ob tained  bv Dickerson (1962) are shown 
in Table III .
T a b l e  LH
W a te r  in  fresh  h u m an  fem u r (whole bone; 
a f te r  D ickerson  1962)
Age
Foetus 12 — 14 weeks 77-8
Foetus 30 — 40 weeks 63-4
New-born full term 63-8
Infant 1 -2 years 52-1
Infant 11—12 years 27-0
Adults 18 — 35 years 15-6
The chemical com position of the  m ineral fractions of bone is sum m arized 
in Table IV. However, m any  o ther ions exist besides those previously listed, 
which are given in  Table V.
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T a b l e  IV
Chemical composition of mineral fractions of bone 
(Zambotti I960)
% Reference
Tricalcium phosphate 74-40 Cartier
Calcium carbonate 10-30 Cartier
Calcium citrate 2-00 Cartier
Calcium lactate 0-19 Cartier
Magnesium (Mg ) 0-50
Potassium  (K ) 0-30 Holtz and Schütte (1954)
Sodium (Na ) 0-80 Holtz and Schütte (1954)
Chloride (Cl") 0-00 Holtz and Schütte (1954)
PO , ) bound to 8.76 Cartier
Ca " i  organic m atrix
H20  (crystallization water) 2-50 Holtz and Schütte (1954)
Total: 99-75
Pyrophosphate (referred to  to ta l P) 0-3 1-0 Perkins et al.
. P (as pyrophosphate) Kat io 0-47 Cartier
P  to ta l
T a b l e  V
Inorganic constituents of bone (% of dried bone; after Fastoe 1961)
Ca 25-6
P 12-B
Mg 0-39
CO., 4-0
Cl- 0-17 -  0-19
F - 0-061 -  0-31
Na 0-1 8 -  0-6
K 0-05 -  0-3
Fe 0-01 1 -  0-017
Cu 0-0002 -  0-0048
Pb 0-001 -  0-01
Mn 0-00005 -  0-0022
A1 0-00024 - 0.0005
Sr 0-00001 -  0-0002
B 0-0016 - 0-014
O R G A X I C  C O M P O  X i: NT S
More th an  80% of the  d ry  weight of cartilage is com posed of organic 
substances (including cellular m aterial). The principal ones are represented 
by  collagen, non-collagen proteins, m ucoproteins and  m ucopolysaccharides. 
Lipids, glycogen, organic acids, nucleic acids, enzymes and  coenzymes,
7
Note: soec trog raph ica lly  th e  follow ing h av e  been d e tec ted : Ag, As, 
Ba, Bi, Li,M o, Ni, Se, Si and  Zn.
am ino sugars, uronic acid are p resent in  sm aller quantities, b u t are, neverthe­
less, of g reat biochem ical significance.
Organic, acids.The presence of pyruvic, lactic, a-ketoglutaric, citric, aconitic, 
succinic and  malic acids have been determ ined by  chemical analysis. Perri 
e t al. (1955) dem onstrated  the  presence of pyruvic and  ketoglu taric  acids 
in rab b it epiphyseal cartilage in  our laboratory . T hey found 4-05 mg of 
pyruvic acid and  1-46 mg of ketoglutaric acid per 100 g of fresh tissue. 
In  th e  epiphyseal cartilage of th e  rabb it (F iandre strain , 15 to  20 days old), 
th e  concentration of pyruvic acid is higher (6-1 mg per 100 g of fresh tissue), 
b u t it  decreases w ith age: it was 3-3 mg per 100 g a t 60 to  65 days of age. 
The lactic acid con ten t in sheep epiphyseal cartilage is 0-6 to  3-8% (Kastoe 
1961).
Dickens (1941) showed th a t  over 90% of the  body c itra te  is p resent in 
the skeleton. The m ost im p o rtan t d a ta  concerning th e  d istribu tion  of citra te  
in the  bone are given in Table VI.
Table VI 
C itra te  in  bone
Species Values (mg/g) Reference
Human (bone) 8-9 Eastoe (1961)
Ox (bone) 4-75 Lees and Kuyper (1957)
Dog (bone)** 9-09-5-53 Lees and Kuyper (1957)
Dog (bone)* 8-52 — 9-fi(i Lees and Kuyper (1957)
Rabbit (bone)** 3-94-5-09 Lees and Kuyper (1957)
Rabbit (bone)* 5-65 — 6-27 Lees and Kuyper (1957)
Rabbit (bone) 8-3 -0-13 Cartier (1957)
Rat (metaphysis) 6-7 Dixon and Perkins (1952
Rat (epiphyseal line) 7-1 Dixon and Perkins (1952
Rat (bone cortex) 9'5 Dixon and Perkins (1952
Cod 20-1
Herring 50-0 Thunberg (1948)
N o te : * =  cancellous bone 
** =  co m p ac t bone.
In  Table V II  th e  citric acid concentration is com pared w ith th a t  of acon­
itic, succinic, fum aric and  malic acids.
Lip ids. The presence of lipids and  phospholipids in cartilage was dem on­
s tra ted  by  Borghese (1936). Irv ing  (1965) confirmed th is finding in ossifying 
tissues.
In  1960 Tinacci and  Cioni dem onstrated  w ith histochem ical technique 
th e  presence of triglycerides, cholesterol and phospholipids in th e  epiphyseal 
cartilage. Z am botti e t al. (1962) dem onstrated  the presence of lipids in epi­
physeal cartilage of new-born pigs, and  also determ ined the  non-esterified 
and  th e  esterified fa tty  acids of the  sam e tissue by gas-chrom atographic p ro ­
cedures. Cescon and Z am botti (1962) also reported  the  analysis on blood
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T a b l e  VII
O rganic ac id s in  bone (a f te r  L ees an d  K u y p e r 1957)
Organic acids (mg per 100 g)
Tissue
Citric Aconit ic Succinic Fumaric Malic
Bone ox* 175 2-7 1-8 0-2 5-2
Bone dog A* 852 3-6 2-7 0-2 6-6
Bone dog A** 609 3-3 30 0-2 3-9
Bone dog B* 966 3-8 1-7 0-1 5-0
Bone dog B** 553 1-6 0-2 4-9
Bone rabbit A* 565 2-6 3-6 0-2 6-3
Bone rabbit A** 394 2*2 31 0-2 5-3
Bone rabbit B* 627 3-6 1-3 0-2 4-6
Bone rabbit B** 509 2-0 2-6 0-2 8-0
Egg-shell A 66 0-0 0-0 0-0 2-9
Egg-shell B 11 0-0 0-0 0-0 0-8
Rat liver 3-3 0-1 2-5 0-5 1-6
N ote: * =  cancellous bone 
** =  com pac t bone.
an d  on nasal sep ta of th e  same anim als for com parison w ith the epiphyseal 
cartilage. The results are presented in Tables V III and IX .*
T a b l e  V III
Lipids in cartilag e  an d  blood o f  new -born  pigs 
(a fte r Z am b o tti e t  al. 1962)
Cartilage
Epiphyseal (%) Nasal (%)
Flood
(%)
Total lipids 6-60 0*68 4-1
Total phosphorus (as P) 3-43 0-44 0-23
Lipidic phosphorus (as P) 0 054 0013 0-067
P total
P lipidic 63-50 34-30 4-10
The tab les furnish evidence th a t  th e  to ta l lipid content in the epiphyseal 
cartilage of new-born pigs is higher th an  in the  blood (6-6% as against 
4-1%), and  about ten  tim es higher th an  in the  nasal septum .
As regards fa tty  acids it is w orth  while to  po in t ou t th e  large conten t of 
po ly -unsatu ra ted  acids of th e  epiphyseal cartilage com pared w ith  th a t  of 
the  nasal septum . According to  W uth ier (1965) reported  by  Irv ing  (1965), 
th e  hypertrophic cell layer has th ree tim es as m uch to ta l lipid as the
* The lip ids and  phospho lip ids in  r a t  f ra c tu re  callus o f 10 days an d  in  th e  blood 
o f th e  sam e an im als h av e  been  e x tra c te d  an d  de te rm in ed  b y  Cescon an d  B olognani
(1962); th e  sam e d e te rm in a tio n s  h ave  also been rep ea ted  in th e  blood o f  th e  c o n t­
rols. N o s ign ifican t d ifferences h ave  been found  betw een  th e  la s t values.
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T a b l e  I X
Acids
Fatty acids in cartilage
Cartilage
1 -
Epiphyseal (%) Nasal (%)
Blood
(%>
Saturated 38-50 43-40 38-70
Mono - unsaturated 44-30 40-20 47-60
Poly-unsaturated 17-20 15-10 13-70
Laurie 0-20 1-30 0-10
Y-tetradecanoic 0-10 0-10 0-50
Myristic 2-30 2-50 1-20
Myristoleic 0-40 0-40 0-10
N-pentadecanoie 1-00 M 0 0-40
R-hexadecanoic 0-90 0-30 0-10
Palmitic 19-90 25-40 24-90
Palmitoleic 8-20 7-40 6-20
Y-heptadecanoic 0-00 1-10 1-00
Heptadecanoic MO 1-20 0-90
Stearic 13-40 1 1-00 10-50
Oleic 34-10 30-20 40-20
Linoleic 4-30 1-40 7-20
Linolenic 0-60 2-10 0-10
Arachidic* 0-10 1-00 0-20
Eicosenoic 0-50 0-10 0-10
Eicosadienoic 1 40 1-60 0-10
Eicosatrienoic 2-10 1-60 0-40
Arachidonic 6-50 4-00 3-10
Others 2-30 5-20 2-70
Total: 100-00 99-00 100-00
neighbouring layers. I t  is also im p o rtan t to  m ention th e  presence in  th e  
epiphyseal cartilage of considerable am ounts of po lar lipids, lecithins, 
phosphatidy l serine, phosphatidy l ethanolam ine and  phosphatidy l inositol. 
Sphyngomvline, phosphatid ic acids and  an acid com ponent not yet 
clearly identified are also present, although in sm aller am ounts.* The uniden­
tified acid com ponent can increase considerably, especially in the  hyper­
trophic cell layer, and  so it becomes th e  predom inant lipid (W uthier 1965).
The boiie tissue is ra th e r poor in lipids: th e  com pact bovine fem ur contains 
lipids a t a concentration of only 0-7 to  0T %  of th e  d ry  weight (Spector 
1956). The m ain lipid fractions of com pact bone are given in Table X.
Nucleotides. A num ber of nucleotides have been found both  in cartilage 
and bone. The available d a ta  only concern cartilage, and th ey  are sum m ariz­
ed in Table XT.
* T he acid  co m p o n en t does n o t con ta in  ions a s  P O , and  SO , nor free am ino 
groups or v ery  u n sa tu ra te d  bonds.
10
T a b l e  X
C om position  o f lip ids from  co m p ac t bone (ox fem ur d iaphysis) 
a f te r  L each  1958
g/100 g of total 
lipid
g/100 g of dry- 
bone
Triglycerides 79 -2 0 0 5 3 5
Free cholesterol 13-3 0-0089
Cholesterol esters 1-7 0-0011
Phospholipids 2'2 0-0015
T a b l e  X I
N ucleo tides in  ep iphysea l cartilage
ATP
ADP
AM P
GM P
G D P
G TP
CMP
CTP
U TP
U M P
U D P glucose 
U D P  Ac. g lucosam ine 
U D P  Ac. gal. su lp h a ted  
PA PS
I nosin necleotides
A lbaum , H irschfeld  a n d  Sobel (1952)
C artie r a n d  P ica rd  (1955)
T anered i, I p x ta  an d  M usii (1958)
D e B ernard , B ianco an d  Z am b o tti (1959)
De B ernard , Bianco an d  Z am b o tti (1959)
De B ernard , B ianco and  Z am b o tti (1959)
D e B ernard , B ianco an d  Z am b o tti (1959)
De B ern a rd , B ianco  and  Z am b o tti (1959)
Bianco, C astellani, De B ernard  an d  Z am b o tti (1958) 
B ianco, C astellan i, De B ernard  and  Z am b o tti (1958)
, B ianco, C astellani, De B e rn a rd  and  Z am b o tti (1958) 
B ianco, C astellani, De B ernard  and  Z am b o tti (1958) 
Pioarrl, G ardais and  D u b ern a rd  (1964)
Picard, G ardais and  D u b ern a rd  (1964)
T anerőd i, Ip a ta  and  M usii (1958)
I t  is likely th a t  nucleotides are also present in bone, in  osteocytes and 
osteoblasts; unfortunate ly , we have no inform ation, p robably  because their 
determ ination  is technically  quite difficult.
Nucleic acids (R N A  and D N A ) .  The presence of nucleic acids bo th  in 
cartilage and  bone cells has been established m ainly by histoehem ical proce­
dures. Small am ounts of RNA are reported  in the  resting cartilage cells, 
whereas it is present in higher concentrations in proliferating and  h y p er­
trophic cells. In  the  cartilagineous cells DNA is also present as dem onstrated  
by P ritchard  (1952) and  Follis (1952); Gerzeli and B ottino (1957) confirmed 
th is finding by using histospectrophotom etric techniques. The DNA con­
cen tration  in the  epiphyseal cartilage of new-born pigs ranges between 1-19 
and 1-32 mg per 100 mg of d ry  weight, whereas in young rabb its  it is 0-83 
to  1-13 mg* (Kofler 1965). R N A  and  DNA have been determ ined in bone, 
too; RNA conten t is high in osteoblasts (B haskar et al. 1958); i t  increases 
un til the  bone m ucoproteins are laid down, b u t decreases when osteoblasts
* DNA in th e  frac tu re  callus o f  ra ts  changes from  1 '25 m g per 100 m g o f d ry  w eight 
a t  five days to  0'97 m g a t  20 days a f te r  fra c tu re  (B olognani and  M archeselli, unpublished  
d a ta ).
are converted in to  osteocytes (Cappellin 1948, 1949). P ritch ard  (1952) 
and  Follis (1952) dem onstrated  and  assessed DNA in the  nuclei of preosteo­
blasts, osteoblasts and  osteoclasts.
Collagen. As is well known, collagen is an  insoluble pro tein  which has 
been exhaustively investigated  (Eastoe and Leach 1958, W atson and  Sil­
vester 1959, Gross and  Piez 1960, Gross 1963, Orekhovich and  Shpikiter 
1958, Banga and Baló 1960).
Collagen is largely presen t in cartilage and bone. In  cartilage the  follow­
ing are reported : d ry  ox trach ea  contains 43% of collagen, nasal septum  
47%, dog costal cartilage 44% and articu la r cartilage 39%.
In  the  bone the  collagen (expressed as a percentage of d ry  defa tted  bone) 
decreases w ith age from  25 to  22-3%, b u t it is in teresting th a t over 90% of 
bone organic m a tte r consists of collagen (Eastoe 1955).
Collagen is also formed in these tissues from tropocollagen. It is likely 
th a t  tropocollagen has term inal p a rts  sensitive to  proteolytic enzymes 
(N ishihara et al. 1963). On studying the  effect of proteolytic enzymes on 
soluble and insoluble collagen, it  has been found th a t  term inal p a rts  are 
poor in hydroxyproline and  rich in tyrosine, aspartic  and  glutam ic acids 
which are hydrolysed by protease and  are very likely involved in polym er­
ization processes (Rubin et al. 1963, Gallop 1964).
Since it m ay concern m ineralization, p rom inent in terest has been a t t r i ­
bu ted  to  the  £-amino groups of lysine and hydroxylysine which are present 
in collagen as will be discussed later. According to  W uth ier e t al. (1964), 
the  e-amino groups should be classified in four groups, depending on their 
probable functional meaning:
G roup 1 is bound w ith electrostatic bonds to  h ydroxyapatite  (concern­
ing 25 to  30% of to ta l num ber of free e-amino groups);
Group 2 seems to  be more firm ly bound to  the  m ineral fraction (concern­
ing 25% of to ta l e-amino groups), so th a t  th ey  do no t react 
w ith flourodinitrobenzene (FDNB) unless previous dem ineraliz­
ation of bone tissue has tak en  place;
Group 3 would be involved in the  covalent cross-linkages of collagen 
(including 21% of e-amino groups);
Group 4 does no t bind m ineral m a tte r (including abou t 25% of e-amino 
groups).
Chondroitin sulphate and mucoproteins. The presence of m ucopolysaccha­
rides (MPS) in the  cartilage has been known for m any years. K rukem berg 
(1884), quoted  by  Schubert (1964), first ex tracted  them  w ith  N aO H . M örner 
(1889), Blix and  Snellman (1955), E inbinder and  Schubert (1950) and m any 
others followed K rukem berg.
There are, indeed, d ifferent types of chondroitin su lp h ates; th e ir repeating 
u n it is given in Fig. 1.
Only CSA, CSC and  KS have been isolated in th e  cartilage and  bone, 
while CSB seems to  be lacking. The distribu tion  of these substances is 
shown in Table X II.
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F ig . 1. P o ly m er d isaccharide  u n its  (a f te r  M athew s 1964)
Protein-polysaccharide complexes (P P ).  I t  has been postu la ted  long ago 
th a t  CS could combine w ith some protein-form ing m ucoproteins. S hatton  
and Schubert dem onstrated  th is in 1954 and la te r Muir (1956) and  P artridge 
and Davis (1958) confirm ed it. Two of these m ucoproteins have been separ­
a ted  by  ultracentrifugation  (one a t 50,000 g and  the  o ther a t over 100,000 g) 
and  characterized chemically.
These complexes are designated as P P L  (protein polysaccharides, light) 
and P P H  (protein polysaccharides, heavy). P P L  contains abou t 85% of 
CS and  15% of protein. P P H  is m uch richer in proteins. The analy tical 
d a ta  of P P L  and P P H  are given in Table X III .
These protein  polysaccharides have been found in nasal cartilage (Gerber 
e t al. 1960, Gregory e t al. 1961, Scheinthal and  Schubert 1963), in  th e  epi­
physeal cartilage of new-born pigs and  in hum an cartilage (Castellani e t al. 
1961), and  in costal cartilage (Campo and Dziewiatkowski 1962).
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T a b l e  X I Í
M PS d is tr ib u tio n  in  cartilage
Cartilage Total CSA CSC * KS Oh \ Reference
Ox tracheal 19-8 34-9 42-4 | 22-7 Greiling et al.
Human articular
young (5-4 58-2 | 39-3 2-9 Greiling (1964)
old
Human costal
6-8 44-2 53-0 , 2-8 Greiling (1964)
young
old
12% 1% Kaplan and 
1% 45% Meyer (1959)
Rana catesbiana
embryo 40 20 40 Mathews and
embryo developed 50 50 11 inds (1963)
after metamorphosis 
Calf scapula
70 30
cartilage 24-0 Lindenbaum
bone 6-5 (1963)
Pig epiphyseal
ETOH 40% 60% 40% Castellani et al.
ETOH 50%
Material Complex «ovine Peptides Uronic Hexosamines Hexose Sialic S lieference
Kasai cartilage PPL 15-1 20-7 (gal) 40 Gerber
25-1 (I960)
PPH 56-5 19-6 3-0
Xasal cartilage 22-6 2-5 tglu) 7-0 2-2 4-7 Gregory et
21-8 (gal) al. (1961)
Costal cartilage 2-2 (glu)
pp 25-2 21-7 21-9 (gal) 3 02 Campo et
PPL 17-8 25-6 1-5 (glu) 3-83 al. (1962)
25-9 (gal)
PPH 67-9 10-2 2-1 (glu) 2-34
9-7 (gal)
Metaphyseal carti- PPL 6-5 26-9 1-31 (glu) 2-02 0-54 4-59 Castellani et
läge pig 23-87 (gal) al. (1962)
Kasai cartilage PPL 15-3 25-i 2-5 (glu) 5-9 0-80 Scheinthal
PPH 24-1 (gal) et al.
PPH 53-0 2-9 (glu) 5-0 0-53 (1963)
16-6 (gal)
Kasai cartilage PPL 24-9 21 (glu) 7-3 2-2 4-7 Gregory et
18-1 (gal) 0-84 al. (1964)
Kasai cartilage I PPL 18-9 230 25-4 5-1 0-8 Doganges
(2-5) and Scliu-
bert (1964)
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T a b l e  x i  ír
A n aly tica l d a ta  on I 'I ’L and  111111
As regards th e  n a tu re  of th e  chemical bond between protein and  poly­
saccharides, Muir proposed in 1958 th a t  it is con tribu ted  by  serine. The 
work of Castellani et al. (1962), Anderson (1964) and  Gregory e t al. (1964) 
proved  this. The p ro te in—carbohydra te  linkage has the  following general 
s tru c tu re  (Gregory e t al. 1964):
su lp h a te  (pep tid ic  chain)
g lucuronic-N -acetylgalactosam ine-glucuronic acid-galactose-galao tose-xylose-serino
(p ep tid ic  chain )
The bond between CS and  sugar is of glucuronic! ic type, and  the  one between 
galactose or xylose and  serine is glycosidic.
It should be pointed out th a t  P P L  and  P P H  do no t contain  hydroxypro- 
line, and  th is justifies the  denom ination of ‘'non-collagenous p ro teins.”
The bone also contains complexes betw een proteins and  polysaccharides 
as shown by Hawk and  Gies (1901), quoted  by Las toe (1956). These authors 
isolated a complex nam ed “osseom ucoid” which was fractionated  by  Hisha- 
m ura (1938), quoted by H erring and K en t (1963). R elevant studies on the  
ex traction  and purification of bone m ucopolysaccharides are those of 
Has toe (1956), Glegg and  E idinger (1955), Meyer (1956), Dische et al. (1958) 
and  K ing and  Boyce (1959).
Malic acid and sialoproteins. A new contribution to  th e  b iochem istry of 
m etaphyseal cartilage was reported  from  our labora to ry  by Castellani e t al. 
(1959, 1960) and Bolognani and  Laneri (1961) who dem onstra ted  th e  p re ­
sence of considerable am ount of sialic acid (Table X IV ).
Anderson (1961, 1962) confirm ed the  presence of sialic acid. H e also 
dem onstrated  th a t  sialic acid in the  glycoproteins of hum an cartilage is 
located in a  term inal position.
Sialoproteins are presen t also in bone tissue as dem onstrated  by  H erring 
and K ent (1963). The sialoprotein ex trac ted  by these au thors contained
T a b l e  X IV t
Sialic acid  in  ca rtilage  (values a re  expressed as jug/g o f 
wet tissue)
Epiphyseal cartilage Costal cartilage
New-born pigs Y oung rabbits Young rabbits
1651 707 620
1355
681
968 579
1900
941
867 487
1586 940 705
Av. 1618
867 
745 
1 170
Av. 876 Av. 597
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ab o u t 17% of sialic acid and  is quite d ifferent in  com position from  orosomu- 
coid. The differences are clearly shown in Table XV.
T a b l e  X V
B ovine bone s ia lo p ro te in  and  serum  orosom ucoid  
(a fte r H errin g  19(i4)
Sialoprotein (%) Orosomucoid (%
Nitrogen 10-4 11-2
Hexose 10-3 13-3
Methylpentose 2-3 0.8
Glucosamine 3-9 7.2
Galactosamine 3-8 0-7
Sialic acid 171 11-5
Phosphate 1-8 0-2
T H E  M ETA B O LISM  OE C A R T IL A G E
General m etabolic pathw ays described for o ther tissues have been dem on­
s tra ted  in  cartilage where glycolysis, tricarboxylic acid cycle and  hexose- 
m onophosphate sh u n t have been observed.
Glycolysis is particu la rly  im portan t in  preosseous cartilage. G reat im por­
tance is ascribed to  th is  process in explain ingthe origin of organic phosphates 
which are necessary for calcification (Creighton 1896, Hoffm ann e t al. 1928, 
H arris 1932, Glock 1940, G utm an and G utm an 1941, Cobb 1953). The chem ­
ical pathw ays of glycolysis are proved by  the  presence of th e  enzymes 
which catalyse th is m etabolic pathw ay, and by related  m etabolic in te r­
m ediates. The enzymes dealing w ith glycolysis are sum m arized in Table XVI .
T a b l e  XVI
E nzym es in  glycolysis
I ii cartilage In bone Referent >■
Glycogen phosphorjdase + Gutman et al. (1941)
+ I Cobb (1953)
Phosphoglucomutase Cabrini (1961)
Hexokinase + Gutman et al. (1950)
Phosphohexose isomerase + Albaum et al. (1952)
Phosphofructose kinase + Albaum et al. (1952)
Aldolase Albaum et al. (1952)
Triosephosphate isomerase 1 +
Triosephosphate dehydrogenase (DPN) + Albaum et al. (1952)
Phosphoglycerate kinase + Delbrück (1964)
Phosphoglycero mutase
Bnolase + Albaum et al. (1952)
Pyruvate kinase + Delbrück (1904)
Lactic acid dehydrogenase + | Albaum et al. (1952)
+ 1 Delbrück (1964)
I Balogh et al. ( 961)
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Phosphorylase is p resen t in  every  p a r t of th e  limb cartilage (Grillo 1964). 
Delbrück (1964) found a considerable am ount of 3-phosphoglyceraldehyde 
dehydrogenase; lactic dehydrogenase and phosphoglycerylkinase are also 
very active. On the  o ther hand, the  enzyme catalysing glycogen synthesis 
from UDPG has been dem onstrated  in the  m iddle p a r t of the  limb cartilage 
of an 8-day-old em bryo (it seems to  be lim ited to  th is p a rt, Grillo 1964).
Hexosemonophosphate shunt. I t  is well known th a t  the  m etabolism  of 
glucides m ay follow ano ther very  in teresting way, th e  HMS (hexosemono­
phosphate shunt). As regards th e  HMS, th e  firs t experim ental d a ta  to  
support th e  occurrence of th is cycle in epiphyseal cartilage were obtained 
in our laboratory  in 1958 by Bolognani and  Ferri who dem onstrated  trans- 
ketolase ac tiv ity  in m etaphyseal and  costal cartilage (Table XVII).
T a b l e  XVLI
T ran sk e to lase  a c tiv ity  in  cartilag e  (the  values a re  expressed  in /rg/ml)
Pentose disappeared Heptulose synthesize!
Pentose at after after
time 0
15 min 60 min 15 min 60 min
Metaphyseal cartilage 50 4 14 0-6 1-9
46 1(1 26 0-7 2-3
46 5 21 1-2 2-4
46 6 15 0-8 2-5
Average 61 15 0.8 2*2
Costal cartilage 50 3 5 0-9 1-3
46 4 12 0-6 0-9
47 2 5 0-4 1-2
46 5 9 0-2 1-2
Average 3-5 7-9 0-5 M
The G — 6 P dehydrogenase dem onstrated  bv K uhlm an (1960) also 
exists.
The hexosem onophosphate sh u n t is a very im p o rtan t process; it  produces, 
inter alia, the  phosphorylated  pentoses for the  biosynthesis of nucleotides 
and  of nucleic acids; it is also an im p o rtan t source of energy and it produces 
N A D PH  indispensable for m any biosynthetic reactions.
K R E B S  CYCLE
The presence of th e  Krebs cycle in epiphyseal cartilage has been supported  
by the  presence of the  proper enzymes, coenzymes and  re la ted  m etabolites. 
The enzymes whose presence has been ascertained are given in Table X V II1.
Among the  coenzymes those of oxidative decarboxylation have been well 
described (cocarboxylase, NAD, + FAD).
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T a b l e  X V II I
E nzym es o f  trica rb o x y lic  acid  cycle and  re sp ira to ry  chain
1
In cartilage In bone Iteference
Citrogenase + + Dixon et al. (1952)
+ + Norman et al. (1964)
Aconitase + -j- Dixon et al. (1952)
Hekkelman (1963)
Isocitric dehydrogenase + Dixon et al. (1952)
+ Delbrück (1964)
+ Van Reen et al. (1958)
+ Hekkelman (1963)
+ Follis et al. (1956)
Succinic-dehydrogenase + Follis et al. (1956)
+ Castellani et al. (1954)
+ Follis et al. (1956)
+ Balogh et al. (1961)
Shajowicz et al. (1960)
Fumarase +  1 Kuhlman (1960)Malic dehydrogenase + Follis et al. (1956)
+ Delbrück (1964)
DPNH cvt. C-reductase + -j- Balogh et al. (1961)
4- Fine et al. (1963)
Hekkelman (1963)
TPNH cyt. C-reductase _L Balogh et al. (1961)
-j- Hekkelman (1963)
Succinate cyt. C-reductase + Hekkelman (1963)
Pyridin nucleotide transhydrogenasf + Hekkelman (1963)
Cytochrome C Lutwak-Mann (1940)
Cyt. C-oxidase I + Fine et al. (1963)+ Cabrini (1961)
The presence of cocarboxylase in th e  epiphyseal cartilage of young ra b ­
b its was dem onstrated  by  Z am botti and  Lorenzi in 1953. Cocarboxylase 
concentration decreases w ith the  an im al’s age and  when V itam in I!, is 
lacking in  th e  d iet as observed in  our labora to ry  bv De B ernard and  Lorenzi
(1955) .
The presence of succino-codehydrogenase, observed by  Follis and  M elanotte
(1956) , has subsequently  no t only been confirm ed in our laborato ry  with 
colorim etric techniques, b u t we were able to  dem onstrate  a stronger ac tiv ity  
in the  epiphyseal cartilage th an  in the  costal cartilage (Castellani and  Bianco 
1956), and higher concentration in the  hypertrophic cell layer of this ty p e  of 
cartilage (Castellani and Z am botti 1954). Balogh et al. (1961) confirm ed 
th is finding.
During developm ent, malic dehydrogenase decreases sharply  in articu lar 
cartilage, while isocitric dehydrogenase practically  does no t (Delbrück 1964).
f t  has been suggested th a t  isocitric dehydrogenase m ay explain why 
c itra te  concentration reaches such high values in th e  growing sites of ossify­
ing cartilage.
The first exp lanation  considered th e  lack of isocitric dehydrogenase as the 
m ajor responsible factor. However, th is hypothesis was discarded when
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V an R een (1959) dem onstrated  th a t  th is  enzyme does exist in  a considerable 
am oun t in th e  bone.
Today we believe th a t  citric acid increase m ust be due no t to  th e  lack o f 
isocitric dehydrogenase, b u t to  a  lack of the  proper coenzyme: N A D I’.
I t  is well known th a t  the  K rebs cycle occurs under aerobic conditions 
and  i t  is s tric tly  dependent on resp iratory  processes. The resp iratory  ac tiv ­
ity  of the  cartilage has been dem onstrated  w ith m anom etric and  spectro- 
photom etric techniques. The resp irato ry  ac tiv ity  of the  cartilage varies 
according to  em bryonal developm ent and  differs from one cartilage ty p e  to  
another. Bovd and  Neum an (1954) found QO, ranging abou t 2-2 in 14- 
day-old chicken em bryo cartilage; such values decrease by 50%  in 20-dav- 
old em bryos and  are 1/200 of th e  em bryonal values in ad u lt anim als.
Oxygen consum ption is catalysed th rough  the  cytochrom e-oxidase system  
which is present in cartilage. Lutwak-M ann (1940) dem onstrated  cytochrome-C 
in cartilage, and  Boyd and  Neum an (1954) observed cytochrom oxidase ac tiv ­
ity . Fine and  Pearson (1963), using spectrophotom etric techniques succeed­
ed in proving a five tim es higher cytochrom oxidase ac tiv ity  in th e  epiphyseal 
cartilage th an  in th e  xiphosternal samples.*
In  conclusion, we m ay observe th e  K rebs cycle in the  ossifiable cartilage 
where it finds particu larly  favourable conditions a t the  site of the  hyper­
trophic cell layer, largely by th e  oxygen supplied.
The m ain functions of the  K rebs cycle are s tric tly  re la ted  to  the  p roduc­
tion  of several im portan t m etabolites, b u t first of all to  furnish large am ounts 
of ATP indispensable for bone sa lt form ation. The observation (Cartier 
1952) th a t  ATP concentration is very  high, particu larly  a t th e  site of the 
m ineralization line where values com parable w ith those of the  liver have 
been found, is in agreem ent w ith this s tatem ent.
Metabolism of M P S  in  cartilage. A particu larly  active and im portan t 
m etabolic process which is also th e  subject of extensive research to d ay  is 
the  biosynthesis of MPS and  precursors (Table X IX ; Z am botti 1961).
Distant precursors for the biosynthesis of MPS are: glucose as source of 
carbon skeleton, glutamine as donor of amino groups, and PA PS.
F undam ental in term ediates are the acety la ted  and  ac tiva ted  N-acetyl- 
hexosamines (UD PN -ac. hexosamines), the  active uronic acid (UD P glucu­
ronic acid) and  its  precursor: the  UD PG . I t  is commonly believed th a t 
U D PG  is synthetized  by in teraction  between G — 1 — P and  U T P , bu t 
researches o fT e tta m a n ti (1961) and  T e ttam an ti and B ertona (1962) on the 
epiphyseal cartilage suggest th a t  th is in term ediate  could be synthesized 
also directly  by a transglycosidation mechanism  from  glycogen, following the  
reaction:
(Glucose)n - |-U D P ------------ (Glucose)n — 1 -f-UDPG
This process, if confirmed, could be very in teresting  since it m ay be a source 
of active glucose w ithou t any ATP or UTP consum ption, b u t using the  
energy of the  glycosydic linkage in  the  glycogen molecules only.
* P ro b ab ly  th e  ey toch rom e-cy tochrom oxidase  a c tiv ity  ex ists in  th e  bone ca llu s’ 
too , as Földes e t  a ! . (1964) d em o n s tra ted  a  considerab le  re sp ira to ry  a c it iv ity  in  frac tu re  
sites.
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Table X IX
B iosyn thesis o f  ch ond ro itin  su lpha te  
G lycogen ..............
1 U T P
G lucose-1-P----------------------------------------------------------------------------- » U D P -Glucose
4 I
G lucose-6-P
4
F ruc to se-6 -P
G lu tam in e—»
4
G lucosam ine-6-P
4
N -acety lg lucosam ine-6 -P
4
N -ace ty lg lucosam ine-1 -P
4
IID P -G lucuronie  
acid
4
C hondro itin
P A PS-»
4 .
C hondro itin  su lp h a te
D istan t precursors as glucosam ine — 6 —P  and  galactosam ine—6 —P  are 
also synthesized from  the  epiphyseal cartilage s ta rtin g  from  glucose—6 —P  
and  glutam ine. The reaction described first by  Leloir and  Cardini (1953) in 
Neurospora crassa, was dem onstrated  in  hom ogenates of epiphyseal cartilage 
(Castellani e t al. 1955). T hereafter, hexosam ine becomes acety lated  (Boström 
and  M anson 1952).
An extensively discussed problem  concerns the  sulphury lation  process; 
for in teresting  contributions we are indebted  to  Dziewiatkowski (1951), 
Boström  (1952), D ’Abram o et al. (1958), Am prino (1958) and  Adams (1963).
The more controversial m a tte r is w hether th e  sulphate is incorporated 
before or afte r polym erization of the  heteropolysaccharides has tak en  place. 
A ctually, the second seems to  be m ore acceptable. R ecently  Pearlm an et al. 
(1964) dem onstrated  th a t  th e  cell-free enzyme preparation catalyses the  
synthesis of non-sulphated chondroitin  which is subsequently  sulphated. 
The biosynthesis o f MPS is stim ulated  b y  several factors, of these we m en­
U T P -»
Í
U D P -A cety lg lucosam ine
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U D P -A cety lga lac tosam ine
20
tion  glutam ine and  nucleotides as ATP and  U TP. Nam ely, g lu tam ine stim ­
ulates incorporation o fS O f~ in  th e  MPS (Boström  1952) and  hom ogenates 
of epiphyseal cartilage in the  presence of ATP, and  glutam ine and  MgCl2 
incorporate S 0 ^ _ in  highly polym erized m ateria l (Castellani e t al. 1962).
A nother aspect of the  problem  concerns th e  sim ultaneity  of the  biosyn­
thesis w ith th e  protein  which will be bound w ith MPS in order to  bu ild  up a 
protein-m ucopolysaccharide complex.
According to  Campo and  Dziewiatkowski (1962), th e  polysaccharide and 
pro tein  are synthesized sim ultaneously. B y autoradiographic techniques it  
has been observed th a t  the  incorporation takes place m ainly in  chondrocytes.
Several o ther factors, which for lack of tim e cannot be discussed, m ay 
affect th e  biosynthesis of MPS, e.g. neural, horm onal and  dietetic factors. 
I t  should be rem em bered th a t  a low Cu d iet m ay induce an  increase 
of MPS in the  cartilage com pared w ith  the  controls (Linker e t al. 1964).
Nucleic acid and metabolism. The cartilaginous cells are certain ly  able to  
synthesize nucleic acids. Tonna and  Cronkite (1964) and  Owen (1964) 
proved th is w ith  labelled precursors (tritia ted  tym idine).
The epiphyseal cartilage and  the  cells of the  osteogenic periostal layer 
incorporated th e  tracer quite rapidly, b u t it  only rem ained fixed for one 
m onth; th e  articu lar cartilage cells and  those of the  periosteal fibrous layer 
incorporate a  sm aller am ount of the  tracer, b u t it  rem ains fixed longer.
Biosynthesis of proteins. The cartilaginous cells are able to  synthesize 
th e  proteins w ith a  m echanism  which is p robably  sim ilar to  th a t  of o ther 
cells. Of th e  different proteins considerable a tten tio n  is paid  to  the  collagen 
because of its function.
Concerning th e  biosynthesis of collagen, a controversial question is w hether 
hydroxylation  of proline takes place before proline is incorporated  into 
peptidic linkage or a fte r a microsomal R N A -bound peptide of considerable 
size has been formed (Gross 1964).
According to  M anner and  Gould (1963) and  Jackson  e t al. (1964), quoted 
by D elbrück (1964), i t  seems th a t  proline is hydroxylated  when bound to  
soluble R N A  or when it  is linked in  a peptide bound to  soluble RNA. The 
hydroxylation is s tric tly  oxygen dependent (Prockop e t al. 1962, 1963, 
F lanagan  and  Nichols 1962, 1964).
Other metabolic processes. M any other m etabolic processes are dem onstrable 
in  cartilages: Table X X  gives a  sum m ary of th e  enzymes which catalyse 
general m etabolic pathw ays. U nfortunately , we have no tim e to  discuss 
each one, outlining the  influence of horm ones and  vitam ins, am ong which 
special m ention m ust be m ade of V itam in C. This is involved in biosynthetic 
processes of connective tissues and  was discovered and studied firs t in this 
country  by  Szent-Györgyi (1932).
Bone metabolism. This has been stud ied  b o th  w ith biochem ical and 
histochem ical procedures. U nfortunately , the  biochem ical m ethods encounter 
serious difficulties in assessing th e  m etabolic contribution of th e  diffe­
ren t cell types (osteoblasts, osteocytes and  osteoclasts).
I t  m ay be supposed th a t  in  these cells all th e  principal m etabolic p a th ­
ways are possible; th e  differences are ac tua lly  more qu an tita tiv e  th an  quali­
ta tive.
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M iscellaneous enzym es o f  p reosseous ca rtilage  a n d  bone tissue
T a b u e  X X
A lkaline p h o sp h a ta se
A lkaline p h o sp h a tase  (bone)
A cid p h o sp h a tase  (bone)
S u lpha tase  (periosteum )
A ry l su lp h a tase  (ep. cart.)
D esam inase
P erox idase
T ranske to lase  (ep. cart.) 
P hosphoam idase  (bone)
G lu tam ic  o x a lac e ta te  tra n sa m . (bone) 
G lu tam ic  o x a lac e ta te  tran sam . (ep. 
c a r t .)
A lcohol dehydrogenase  (bone) 
G lucose-6-P-dehydrogenase (bone)
G lucose-6-P-dehydrogenase (cart.)
6-P-gluconic ac id  dehydrogenase  (bone) 
/3-galactosidase (bone)
/3-glucuronidase (cart.)
/3-glucuronidase (bone)
T lexosam ine sy n th e ta se  (cart.) 
H yalu ron idase  (bone)
U P D G  dehydrogenase  (cart.)
U P D G  glycogen tran sp h erase  (cart.) 
L ipase (cart.)
S u lpha te  k inase (cart.)
DNAse an d  R N A se (bone)
A denosin  deam inase (cart.) 
5 -nucleo tidase (cart.)
A T P ase (cart.)
A M P an d  IM Pase (cart.)
I  nosine nuc leo tidase  (cart.)
C ata lase  (bone)
C athepsin  (bone)
C arbonic an h y d rase  (ep. ca rt.)
R obison (1923)
C am u ra ti e t  al. (1955) 
B ou rne  (1956)
V aes (1964)
K o ch ak ian  (1952)
V aes (1964)
Foil is (1951)
Z am b o tti e t al. (1957) 
L u tw ak -M ann  (1940) 
G iu n ta  (1954)
B olognani e t  al. (1958) 
Shajow icz e t al. (1964) 
T essari (1960)
lie  B ernard  e t  a l. (1955) 
H erm an-E rlee  (1962) 
H ekkelm an  (1963)
B alogh e t al. (1961) 
K u h lm an  (1960)
B alogh e t  al. (1961) 
H ekkelm an (1963)
V aes (1964)
L orenzi (1952)
V aes (1964)
C abrin i (1961)
C astellan i e t  al. (1956) 
V aes (1964)
Z am b o tti e t  al. (1957) 
T e tta m a n ti  e t a l. (1962) 
B arbieri (1958)
D ’A bram o  e ta l .  (1957) 
V aes (1964)
T ancred i e t  al. (1958)
R eis (1950)
C artie r (1952)
T ancred i (1958)
T ancred i (1958)
V aes (1964)
V aes (1964)
D e B ern ard  e t a l. (1955&)
Glycolysis. In  the  bone tissue an  active glycolysis takes place as dem on­
s tra ted  by  Lasking and  Engel (1956) and  Borle e t al. (1960).
H M P  shunt, in  th e  bone tissue th e  hexosem onophosphate sh u n t is quite 
intense. Cohn and  Forsher (1962) established th is in  m etaphyseal and 
epiphyseal bone w ith d ifferently  labelled glucose (H), 6C and  Cu). H ekkelm an 
(1963) dem onstrated  th e  presence of dehydrogenases which are responsible 
for s ta rtin g  th is cycle (G—6 — P  dehydrogenase and  6 — P —gluconic de­
hydrogenase).
Citric cycle. In  1952 D ixon and  Perkins observed the  presence of aconi- 
tase  and enzyme condensing citra te  in bone tissue. Van R een (1959) confirmed 
th e  presence of aconitase and  evidenced isocitric dehydrogenase; H ekkelm an
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(1963) obtained sim ilar results. O utstanding proof supporting  th e  exis­
tence of the  citric cycle in the  bone was furnished by N orm an and  De L uca
(1964) dem onstrating th e  incorporation of labelled acetate  in the  following 
organic acids of the  bone: citric, alphaketoglutaric, succinic, m alic acid.* 
General details of the  enzym es of th e  citric cycle in the  bone are given in 
Table X V II1.
Protein synthesis and collagen biosynthesis in  bone. Obviously th e  bone 
tissue cells are able to  synthesize proteins and  collagen. I t  seems to  be 
acceptable th a t  the  b iosynthetic m echanism s involved are substan tia lly  
th e  same in  th is tissue as in o ther connective tissue sections.
F lanagan  and  Nichols (1964) stud ied  the  incorporation in  vitro of proline 
14C in th e  m etaphysis of 55-day-old ra ts. Proline is tak en  up  in th e  cells 
quickly and  is incorporated  in th e  collagen.
Incubating  ra t  m etaphyseal fragm ent w ith glucose U  14C form ed labelled 
am ino acids; am ong these, there  are very  highly labelled glutam ic acid 
and  alanine. Less labelled am ino acids are: aspartic  acid, glycine, proline 
and  hydroxyproline. lodoacetate  inhibits collagen synthesis s ta rtin g  from  
pro line 14C.
M IN E R A L IZ A T IO N  O F O S S IF IA B L E  C A R T IL A G E
A fter the  discussion of th e  chemical com position and  th e  m ain m etabolic 
processes of cartilage and  bone tissue, we m ust now take in to  consideration 
m ineralization. A lthough the  d a ta  reported  give a great deal of inform ation, 
th ey  are insufficient for explaining th e  m ineralization process satisfactorily.
Once again we encounter the difficulty  to  understand  a life phenom enon 
on the basis of relative or absolute chemical d a ta  of the  proteins, fa t, sugars, 
coenzymes, etc. which build  up an  organism . More im p o rtan t inform ation 
to  explain th e  m ineralization m echanism  m ust be furnished by dynam ic 
biochem istry of the  ossifiable cartilage and  of bone tissue. U nfortunately , 
such inform ation is still inadequate, and  th is justifies th e  existence of 
several hypotheses which reflect the  efforts m ade by different authors, e.g. 
R obison (1923), Clock (1950), G utm an and  G utm an (1941), C artier 
(1952), Sobel (1955), G lim cher (1960), F leish and  N eum an (1961), Fleisli and  
Bisaz (1963), U rist (1964) and m any others, including our school (Zam botti 
1957, 1959).
I t  m ust be rem em bered th a t  th e  m ain bone-tissue compounds, e.g. 
Ca2 + , PO J“ , COjj- , c itra te , collagen, non-collagen proteins, m ucoproteins, 
m ucopolysaccharides, etc. are presen t in m any tissues which do n o t ossify 
under norm al conditions a t all. The question is how to  explain th e  fact th a t  
under physiological conditions the  m ineralization takes place only a t p a r tic ­
u lar sites. I t  m ust be assum ed th a t  in  the  calcifiable m atrix  a particu la r
* It should  be n o ted  th a t  organic  acids a re  p re sen t in th e  bone in tw o  form s: 1. so l­
uble, m etabo lica lly  correspond ing  to  th a t  ex is ting  in  so ft tissues, a n d  2. unso lub le  
inac tive , inco rpo ra ted  in  th e  bone sa lt. F u m aric  an d  a -k e to g lu ta ric  acid a re  p re sen t 
m a in ly  in  th e  f irs t  fo rm  (Lees and  K u y p e r 1957).
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condition develops; w hat is th is condition? Does a  “ local fac to r” of m iner­
alization exist?
We know m any  inhibitors of m ineralization as po in ted  ou t by  Sobel 
and  B urger (1954), b u t p robably  no single local factor exists which is respon­
sible for th e  m ineralization (U rist 1964).
Phosphate, phosphorylase, citrogenase, coenzymes, phosphoric esters, 
U T P, ATP, etc. considered individually  are indispensable, b u t are no such 
factors because th ey  are n o t specific. The osteogenine of Levander (1938) m ust 
no t be tak en  in to  account.
The m ost honest answer to  th e  question which are the  factors or condi­
tions determ ining ossification is th a t  we do no t know. We only have hypo­
theses and  we will t ry  to  sum m arize them  briefly.
First of all, the bone salt is quite complex in composition and perhaps
Table X X I
H y p o th eses  on  th e  com position  o f  m inera l phase  in bones
Formula liefere nee *
M ixture of Ca3P 0 4 
Mg3(P 0 4)2, CaC03 
C aF2, etc.
Ca5H ,(P 0 4)2
C a[(0 ,P 0 3Ca)2Ca]3C 0 3
C a(0H )2[Ca3(P 0 4)2]3 -)- carbonate and bicarbonate 
CaC03[Ca3(P0  j)2] n  =  2 o r 3 
(OH)„Ca6 ■ [(P,0 )0  ,](i(CaC)4 
C a(O H ),. [Ca3(P 0 4)2]3
CaC03-n[Ca3(P 0 4)„] n =  l-8 6 -3 '3 3  
m C aH P 0 4 ■ n [Ca3(P 0 4)2l • CaCOs
(Ca, Mg, N a)„. (P 0 4, C 03)s ■ (W20 ) 2
Ca3(P 0 4), • H 2(OH)2 +  CaC03, MgC03, etc.
Ca1(1(P 0 4)c(0 H )2 +  P 0 4, C 03, Mg. N a citrate
Berzelius (1845)
Hoppe-Seyler (1862)
W erner (Í906)
Gassman (1937)
Klem ent (1929)
Bogért and H astings (1931)
Grunner et al. (1937)
Bale (1936)
Hodge et al. (1938)
Thewlis et al. (1939)
Sobel et al. (1945)
Hendricks and Hill (1947) 
Dallemagne (1947)
Hendricks and  Hill (1950)
* See in  A rm strong  (1950)
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not com pletely clarified; th is is also revealed b y  num erous form ulae which 
have been proposed. The m ain form ulae are sum m arized in  Table X X I.
The first problem  we will consider is th e  solubility  p roduct of tricalcium  
phosphate which is th e  m ain com ponent of bone salt. Tricalcium  phosphate 
precip ita tes only if  the  solubility product is superated . (The solubility  p ro ­
du ct of Ca3( P 0 4)2 is very  small.)
In  order to  explain how to  overcome th e  solubility product, Robison 
(1923) drew a tten tio n  to  the  alkaline phosphatase. Such an  enzyme hydro­
lyses glucose—6 — P  to  glucose and  phosphate, increasing the  phosphate ion 
concentration un til i t  exceeds th e  solubility  product of Ca3( P 0 4)2; this 
sa lt would, therefore, p recip ita te  a t sites where phosphatase is particu larly  
active. This hypothesis does no t explain th e  inhibiton of calcification in  
vitro by  some enzyme poisons, such as m onoiodoacetate fluoride, etc. which 
inh ib it calcification even a t a concentration far too  low to  inh ib it alkaline 
phosphatase or to  in terfere w ith  the precip ita tion  of calcium phosphate.
Glock (1940) suggested th a t  th e  phosphate ions for th e  form ation of the  
bone salts are ob tained  from  the  phosphate esters form ed th rough  glycoly­
sis. G utm an et al. (1942) provided experim ental evidence supporting  
Glock’s observations. G utm an (1946) and  G utm an and  Yu (1950) studying 
calcification in the  presence and  absence of fluoride (which inhibits enolase) 
p u t forw ard the  hypothesis th a t  the  phosphate donor could be th e  phospho- 
pyruvate . G utm an and  Yu (1949) also exam ined the  possibility th a t  A TI' 
m ight ac t as phosphate donor, b u t th ey  did  no t obtain defic ite  results, 
probably  because th e  biological m aterial th ey  used, cartilage from  rickety  
ra ts, was n o t suited for these researches.
L ate r researches of C artier (1950) and C artier and  P icard  (1955) on the 
cartilage of norm al anim als (ram  embryos) ind icated  th a t  th e  phosphate 
donor is p robably  ATP. Such com pounds which are form ed th rough  glyco­
lysis, tricarboxylic acid cycle and  fa tty  acid oxidation process are donors 
o f phosphate or pyrophosphate, and  according to  observations th ey  have 
been found joined to  th e  pro tein  m atrix  of th e  bone. Pyrophosphate in  bones 
was established by P erkins and W alker (1955) and its  presence was confirmed 
by  C artier (1957).
Several groups of organic m atrix  can bind phosphate or pyrophosphate: 
po lar groups of the  polypeptidic chains according to  C artier and  P icard  
(1955) and  am inic group according to  Solomons and  Irv ing  (1956) and 
W uthier e t al. (1964).
According to  Solomons and  Irv ing  (1956), the  num ber of free am ino 
groups of hum an dentin  is proportional to  th e  degree of m ineralization of 
th e  tissue. These observations suggested a working hypothesis th a t  trans- 
pyrophosphorylation reaction probably  takes place in ossifying cartilage 
between ATP and  free am ino groups of collagen according to  th e  scheme:
Collagen—N H +  ATP ------------ ^  c o lla g e n -X H - P P + A M P
Since th is reaction is no t frequent in biochem istry, it m ay constitu te  a 
“ local fac to r” sufficiently typ ical of preosseous cartilage, determ ining p e r­
haps the  calcaffine p roperty  of preosseous m atrix  (Cartier and  P icard  1955).
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B eneath  the  transpyrophosphory lation process, we adm it th a t  transphos­
phory lation  also takes place as follows:
Collagen—N H , -f- A T P ------------ collagen -N H —P + A D P
In  these reactions phosphate or pyrophosphate are adm itted  to  be joined 
w ith —N H 2 group in order to  explain th e  bound —N H 2. However, K rane 
and Glimcher (1965) found phosphate joined to  serine ( OH group). 
These reactions outline the  role of collagen in  the  m ineralization process. 
In  fact, i t  is generally accepted th a t the  collagen com bined w ith  phosphate 
partic ipates in the  nucleation processes, i.e. in the  form ation of crystal seed 
which will grow up by epitaxis afterw ards. Glimcher e t al. (1957) deeply 
stud ied  the  function of collagen in m ineralization, which th ey  th in k  m ay be 
able to  induce nucleation of ap a tite  crystals a t th e  m acrom olecular level of 
collagen fibrils. Bv the  jux taposition  of certain  reactive groups in the 
collagen fibrils, highly specific zones are bu ilt up  th a t  m ay ac t as sites for 
nucleation.
A nother factor which, according to  Sobel (1955) and  Z am botti (1957), 
has an  ou tstand ing  function in  the  m ineralization of cartilage is the  
chondroitin  sulphate, free or bound to  proteins. The im portance of th is factor 
results from  different experim ental data , i.e. th a t  su lphury lated  m ucopoly­
saccharides are present wherever calcification takes place: in the  epiphyseal 
cartilage, in th e  bone, in th e  dentin, in the  enam el and  in  the  pathological 
calcification of blood vessels.
Sobel observed a particu lar behaviour of stron tium  rickety  cartilage 
tow ards m ineralization agents. This cartilage does no t undergo calcification 
when incubated  in  a m ineralizing solution, unless previously tre a ted  w ith 
an  excess of calcium chloride in order to  remove chondroitin sulphate-bound 
stron tium . An analogous blocking of calcification could be obtained  by 
beryllium  and  o ther ions, and  some organic substances (protam ine, toluidine 
blue, etc.).
Caglioti e t al. (1955) and  Z am botti (1957) po in ted  out some years ago 
th a t  a  biochemical basis of nucleation could be form ed by a com plex be­
tween collagen-pyrophosphate-calcium , chondroitinsulphate (Fig. 2).
R ecent observations are reported , according to  which the  M PS hinder 
m ineralization; chondro itin su lphate  shields the  reactive sites of collagen 
fibrils which cannot react w ith pyrophosphate given by ATP.
I n  vitro researches of N eum an (1960) suggest th a t  collagen is an excel­
lent inducer of nucleation; th is p roperty  is m uch more evident if 
purified collagen is employed. If the  collagen should dem onstrate  sim ilar 
properties in  vivo, too, th e  biochemical s tudy  of m ineralization should be 
directed  tow ards th e  research of factors which control the  nucleation in 
ossifiable cartilage or inhibit them  in tissue and organs where m ineralization 
never takes place under physiological conditions. Among these factors 
which m ight control and/or hinder nucleation, a t p resent m ucopolysaccha­
rides and  pyrophosphate are considered (Fleish and Neum an, 1961 Fleish 
and  Bisaz 1963).
The problem  of in teraction  between m ucopolysaccharides and  collagen 
m ust be studied again keeping in m ind no t only the  concentration of the
2 6
COOH
F ig . 2. Possib le  in te ra c tio n s  betw een  
CS-ca py rophosphate-co llagen
m ucopolysaccharides, b u t also th e ir polym erization degree and  th e  different 
com binations betw een polysaccharide and  proteins. Moreover, i t  m ust 
be borne in  m ind th a t  m ineralization takes place under aerobic con­
ditions which are determ ined by  blood vessel penetra tion  in  the  m i­
neralization zone w ith  consequent oxygen supply. Aerobic conditions 
prom ote th e  decrease of m ucopolysaccharides as dem onstrated  by  K rom - 
pecher (1964). This observation is in agreem ent w ith  th e  research of Sledge 
and Dingle (1965) who observed th a t  m ucopolysaccharide decreases in the 
m atrix  of the  limb o f chicken em bryos cu ltivated  in  vitro under aerobic 
conditions.
In  order to  give an  in te rp re ta tion  of th e  inform ations already reported  
and  their correlation,w e p u t forw ard th e  following scheme o f the  m ineraliz­
ation process.
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Glycogen
F ig . 3. A tte m p t to  co -o rd ina te  m etabo lic  processes w hich  occur d u rin g
ossification
1. A t the  beginning the  organic m atrix  (collagen, ,V1PS, m ucoprotein) 
and  high energy phosphory lated  compounds, particu larly  ATP, are sy n th e­
sized. In  th is phase we have no nucleation only ion enrichm ent (Ca++ and 
P O j especially) picked up and  stored by MPS which showing so m any 
polar groups m ust be considered an ion exchange resin.
2. S hortly  before the  deposition of bone salt, th e  zone where m ineraliz­
ation  will take place, become vascularized, i.e. strongly  aerobic: oxygen 
encourages oxidative processes and  th e  production of increased am ount of 
ATP. A t the  sam e tim e oxygen acts upon cartilaginous cells, changing 
the perm eability  of the  m em branes and  prom oting th e  outflow  o f acidic 
hydrolase (proteases, ^-glucuronidases, phosphates, etc; Vaes 1965, Weiss- 
m ann and  Thom as 1963, W oessner 1965). Such enzymes deeply modify 
the  ground substances, probably  affecting the  protein-polysaccharide
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complex. The reactive groups 
of collagen ( -N H 2, OH, 
etc.) are no longer m asked 
and become available to  be 
phosphorvlated or pyrophos- 
phorylated  by ATP, forming, 
nucleation centres as already 
mentioned. At the  same time,
C a++, P 0 4 and  o ther ions 
previously stored by  polysac­
charides become free, and 
m ay be arranged around the 
nucleation centre forming 
th e  first m icrocrystals of 
bone salt. Such m icrocrystals 
grow up by  epitaxis.
All these processes are 
sum m arized and  correlated 
in Fig. 3.
The in teraction  between 
the  m etabolic processes as 
illustrated  builds up the  con 
ditions needed for bone salt 
form ation which are sum m a­
rized by  th e  hypothesis of the form ation of nucleation centre. This centre 
conditions the  form ation of the  bone salt m icrocrystal which, thereafter, 
will grow up by ep itax is a t th e  expense of cations and  anions supplied 
from  the  blood or produced locally (Fig. 4).
The new lyform ed bone salt changes under the influence of the  ion exchange 
w ith surrounding fluids, favoured by the  large surface un til i t  reaches the  
final typ ical composition. I t m ust be added th a t  th e  bone tissue is in  a 
dynam ic condition, so th a t  it is constan tly  renewed, although w ith  variable 
speed depending on th e  ty p e  of th e  bone, age and  o ther factors.
Obviously, a norm al ossification supposes th a t  an equilibrium  between 
different ions and  between different m etabolites will be reached, and  th is is 
s tric tly  re la ted  to  a balanced course of th e  general m etabolic process and 
particu larly  of the  m ineralizing tissue. The causes capable of m odifying 
such equilibria and  interfering w ith  norm al m etabolic sequences also modify 
th e  m ineralization process.
We believe th a t  th is hypothesis will last little  longer th a n  th is Symposium, 
b u t we shall be pleased if this is so, as it will indicate th a t  we are all m aking 
progress.
F ig . 4. A tte m p t to  co rre la te  genera l m etabo lism  
o f  ossifiable cartilag e  an d  m ine ra liza tio n  process
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OX T H E  TEM PO RA L COURSE OF W OUND H E A L IN G  W ITH  
SPECIA L R E FE R E N C E  TO T H E  SY N TH ESIS OF GROUND 
SUBSTANCE AND F IB R IL S
(M O R PH O L O G IC A L , B IO C H  EM ICAL A N D  R A D IO C H E M IC A L  E X A M  I N A TIO N S
by
J .  L i n d n e r , K. G r a s e d y c k , G . B e s t e , C. H o o s e , S. S t e in b a c h
DEPARTMENT OF PATHOLOGY, UNIVERSITY MEDICAL SCHOOL, HAMBURG, GFR
and
G . G r i e s
I. MEDICAL DEPARTMENT, AUGUSTE VICTORIA HOSPITAL, WEST-BERLIN
W o u n d  healing and  inflam m ation have always been in the  centre of m edical 
a tten tio n  and  medical investigation. In  these processes of th e  connective 
tissue, all th ree com ponents of the  connective tissue partic ipa te : the  cells, 
th e  fibrils and the  ground substance, forming functional and  morphological 
units w ith the  term inal net of capillaries and  nerves. This has been known 
for a long tim e for inflam m ation and  since the  classic description of 
M archand (1924), also for wound healing.
Catabolic and anabolic processes can be distinguished in the  course of 
wound healing. A s tric t tem poral separation is, however, no t possible 
since b o th  of these processes (according to  recent findings the  anabolic 
processes as well) set in as early  as w ithin th e  firs t hour from  th e  onset 
o f wound healing and  inflam m ation, and are carried on sim ultaneously 
w ith varying in tensity  (depending on the  n a tu re  and  s tren g th  of th e  
in flam m atory  stim ulus as well as on local factors of the  connective tissue 
concerned).
In  th is repo rt we wish to  describe the  results obtained by our working 
team , w ith  special reference to  our new est findings, and some d a ta  of the  
ra th e r extensive lite ra tu re  on the  subject.
B y these results given w ithout extensive m ethodical details, we a ttem pted  
to  elucidate the  m ost im p o rtan t stages in the  tem poral course of in flam m a­
tion  and  wound healing.
Im m ediately  afte r the  onset of inflam m ation, before any notew orthy 
m orphological changes are recognizable, a p rim ary  acidosis th a t  m ay reach 
pH  values of abou t 6-0 is found in the  irrita ted  or traum atized  connective 
tissue. Such an acidosis was elicited by a skin lesion, the  size of a point 
(insertion of an electrode) in the  ra t  skin (Fig. 1). N orm alization occurred 
w ithin 30 m inutes. I f  th e  inflam m ation is caused by other means, e.g. by 
injection of 0-5 ml of n/10 sodium hydroxide or n/10 hydrochloric acid 
(Fig. 1), a chemical lesion w ith a prolonged tissue acidosis is produced. 
This essential p rim ary  response does no t depend on the  n a tu re  of th e  cause 
of lesion or in flam m ation as it  can be elicited by physical stim uli or by 
phlogistics. This response is brought about no t only b y  accum ulation of
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F ig . 1. P r im a ry  ac idosis in  tra u m a tiz e d  
connective  tissue  an d  n o rm aliza tio n  w ith in  
30 m in u te s  com pared  w ith  s tro n g e r reac tio n s
acid m etabolites of the  connective 
tissue concerned (e.g. lac ta te  as a 
result of increased anaerobic gly­
colysis) and  other d isturbances of 
the  normal regulation of pH values 
in the  connective tissue by buffer 
substances occurring here in large 
am ounts (alkaline reserve: bicar 
bonatephosphate, protein). Scha - 
de (1923, 1926) pointed  out th a t  
the  in tensity  and  duration  of 
tissue acidosis (prim ary acidosis 
as well as subsequently  occurring 
secondary acidosis) is no t condi­
tioned by  p rim ary  glycogenolvsis 
and secondary increased glyco­
lysis, as was supposed by F runder 
(1952, 1953), b u t by changes of 
the  norm al eucolloidal s ta te  o f 
th e  connective tissue. This is 
th e  disintegration (Entm ischung)
of the  ground substance (Schallock and  Schm idt-M atthiesen 1955, Schallock 
and  L indner 1957). By system atic histochemical, electrochemical and colori­
m etric exam inations (Schweinitz et al 1960, E ckstein e t al. 1960) we have
F ig . 2. N orm al eq u ilib rium  o f th e  com ponen ts o f  g round  su bstance , 
p a rtic u la rly  o f th e  m ucopo ly saccharide-p ro te in  com plexes (a an d  b); 
d iag ram m atica l dem o n s tra tio n  o f  th e  eucollo idal s ta te . D isin teg ra tio n  
o f  connective  tissue (E n tm isch u n g )  (c a n d  d)
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established th a t  the  changes described in th e  acid-base equilibrium  o f th e  
p rim ary  response of in flam m ation  and  wound healing is due to  an  increased 
release of acid m ucopolysaccharides of the  ground substance.
The course of the  process is shown diagram m atically  in Fig. 2. In  Fig. 2a 
th e  norm al com bination of acid m ucopolysaccharides and  th e ir p rotein  p a r t 
is presented. In  native  form the  acid m ucopolysaccharides of th e  connective 
tissue do no t occur in free form b u t bound to  proteins. F or the  acid m ucopoly­
saccharide chondroitin sulphate it  has been proved th a t  abou t 60 to  62 
(even 65) molecules of chondroitin sulphate w ith an average m olecular 
weight of 50,000 are bound as a salt to  a rod-shaped protein  nucleus, the  
share of which is abou t 20 to  25% of the  whole molecule. These m ucopoly­
saccharide-protein complexes are split in p a r ts  w ith every change of the  
s ta te  of the  connective tissue, particu larly  a t  the  onset of inflam m ation and 
wound healing. During the  d isintegration of the  connective tissue the  
m ucopolysaccharide-protein complex series and  chains of d ifferent length 
fall to  pieces followed by the  so-called disaggregations and  depolym eriza­
tions, denaturations, separation of esters, as well as mu colyses and  proteolyses 
accom panied by a general increase and u p take o f water. These processes 
are dem onstrated  diagram m atically  in Fig. 2b, and the  p icture of th e  stages 
o f granulation (Fig. 2c) and  scarring (Fig. 2d) are presented.
These processes are fairly dem onstrable because the  acid sugars, as a 
resu lt of th e  release of m ucopolysaccharides from  their p ro tein  binding, 
become available in higher am ounts for the  dem onstration w ith  the  
corresponding cationic stains. This holds also for the  findings reported  by  
o ther au thors (Campani and Reggianini 1950, E hrich  1956, etc). A genuine 
increase of th e  am ount of m ucopolysaccharides and  ground substance is 
dem onstrable histochem ically, b u t in la ter stages of in flam m ation and 
w ound healing a precise q u an tita tiv e  assay has been possible w ith  bio­
chemical and  radiochem ical m ethods only (Lindner 1957, 1959a, b, c, 1960, 
1961/1962, 1962a, b, 1963, 1964a, b, c, 1965a, b, L indner and  Gries 1961, 
L inder and  Schm idt 1964, etc.). The newest findings of our working team  
indicated, however, th a t  in the  firs t 30 m inutes from  th e  beginning of 
inflam m ation an increased incorporation of 3SS-sulphate m ay occur which 
a t  firs t probably  does no t represent a  genuine increase of the  am ount of 
m ucopolysaccharides, b u t m erely an  increase of sulphation of m ucopoly­
saccharides in the  course of the  p rim ary  “ disintegration process” m entioned 
above.
In  these p rim ary  processes of the  ground substance, th e  cem ent substance 
betw een the  sub-units of the  connective tissue fibrils is likewise involved. 
As it is known, the  collagen fibrils show an hierarchic s tru c tu ra l arrange­
m ent, beginning w ith th e  helical torsion of th ree polypeptide chains in the  
protofibril up  to  th e  corresponding interlacing of fibrils and  fibre bundles. 
These fibrils and sub-units of fibrils are surrounded by cem ent substance. 
In  polarized light (Lindner 1959a, b) pools of cem ent substance, arranged 
in  forms of pods, were seen between the  single tu rns. D uring the  p rim ary  
processes of d istin tegration, i.e. due to  changes of the  surrounding m edium , 
these in terfib rillar and  perifibrillar pods of cem ent substance become 
swollen, th e ir physicochemical relations to  th e  fibrils and  fibril-units are
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F ig . 3. Sw elling o f n a tiv e  filam en ts  o f the r a t  ta il ten d o n  fib res a f te r  incubation  
w ith  a so lu tion  o f chondro itin  su lp h a te  (a, b c and  d)
disturbed  and, consequently, these fibril structu res become uncoiled. Our 
detailed  exam inations on th is subject were carried ou t in the  usual way by 
em ploying native tail tendons of rats.
F igure 3 illustra tes th e  m ost im p o rtan t processes occurring in th e  first 
phase of inflam m ation and wound healing. F igure 3a shows th a t  even a 
few m inutes a fte r incubation in  vitro of native fibrils of ra t  ta il tendon 
w ith a solution of chondroitin sulphate, an  enormous swelling of th e  fibrils 
occurs, chiefly owing to  w ater up take, accom panied by  the  known lacing 
by  circular fibrils. N ext th e  ensuing contraction of th e  fibrils is seen (bottom  
of Fig. 3b), and a corresponding fibril before contraction, a t  the  beginning o f 
swelling (top o f Fig. 3b). We find the  periodicity  of the  swollen fibril, dependent 
on the  known structu re , as visible under th e  polarizing microscope (Fig. 3c), 
and Fig. 3d shows the  typ ical m etachrom atic reaction of the  in terfib rillar 
cem ent substance of the  disin tegrating fibril, stained w ith toluidine blue 
(dark spots on th e  picture) as seen by  phase-contrast microscope. I t  has 
been shown by  us and  o ther au thors th a t  th e  processes in  vivo occurring 
during j^rimary disin tegration of th e  ground substance a t th e  beginning 
of inflam m ation, correspond to  these processes observed in  model experi­
m ents in  vitro.
In  in flam m ation and  w ound healing these processes lead to  swelling, 
instabilizing and  unm asking of all th e  collagen fibrils visible under th e  
light microscope, and  in th e  fu rth e r course th ey  bring abou t degeneration 
products and, thus, denatu ration , since native collagen fibrils are extrem ely 
susceptible to  physical and  chemical changes of the  surrounding medium.
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The processes described are the  result of such changes and  lead directly  
to  the  form ation of denatu ration  products of collagen, by which the  way 
to  the  degradation of collagen fibrils is prepared. As it  has been shown by 
system atic exam inations (Gries and  L indner 1960, 1961, 1963a, Gries e t al. 
1962, Gries 1965), the  degradation of collagen in  m an and o ther m am m als 
is essentially a tw o-step mechanism, since there is no specific collagenase:
1. denatu ration  of collagen which, because of its  structu re , is particu larly  
susceptible to  m echanical, chemical and  therm al influences active in 
inflam m ation and  wound healing;
2. degradation of d en a tu ra ted  collagen by ubiquitous proteases, such as 
trypsin , chvm otrypsin, fibrinolysin, cathepsin and  others.
In  th is m anner the  catabolic processes of inflam m ation and  wound heal­
ing (regarding degeneration processes see Doerr 1957) approach th e ir 
clim ax: degradation of ground substance and  fibres, increased by exudation, 
release of fibrin, leucocytosis, etc. intensified by serum  enzymes and  by 
the  sim ultaneous activation  and  neoform ation of enzymes in th e  em igrated 
leucocytes and  in the  resident ac tiva ted  and proliferating connective tissue 
cells, by  in tracellu lar and  extracellu lar digestion, etc. These well-known 
details rem arkably  com plem ented by recent investigation will no t be 
described here. The same holds as regards the  extensive complex of cellular 
m odulation, proliferation and differentiation, th e  processes of term inal 
circulation, the  involvem ent of term inal reticulum  etc. and th e  effect on 
inflam m ation of substances released during the  catabolic processes m entioned 
(histam in, H-substances, etc.). These questions have been exam ined sep ara te­
ly in recent m orphological and  biochemical investigations on in flam m a­
tion (Maximow 1902, M archand 1924, Ehrich 1956, Meier 1959, L indner 1957, 
1959a, b, c, 1960, 1961/1962, 1962a, b, 1963, 1964a, b, c, 1965a, b, L indner 
and  Gries 1961. L indner and  Schm idt 1964 and  others).
The purpose of our investigations was to  po int out how soon a fte r the 
onset of inflam m ation and wound healing anabolic and catabolic processes 
set in, com bine and become dem onstrable by recent com parative m orpho­
logical, biochemical and  radiochem ical methods. In  the  tem poral course of 
wound healing and inflam m ation, the  anabolic processes were found to  
overlap the  catabolic processes, described above, even in th e  firs t hours. 
The activation  and synthesis of enzymes have already been m entioned. 
They are based on the synthesis of RNA w ith  syntheses of th e  required  
m atrix  ribonucleoproteids setting  in w ithin th e  firs t hours a f te r  th e  onset 
of wound healing and  inflam m ation.
Figures 4 and 5 show this increase of R N A  dem onstrated  by classic 
stain ing procedures; in  th is case using m ethyl pyronin  in ac tiv a ted  and 
proliferating m esenchym al cells during the  early  stage of inflam m ation, and 
in fibroblasts w ith d istinct form ation of fibres, during the  la ter stage of 
inflam m ation (this dem onstration of R N A  alone implies an increase of 
RN A  w ith increased cellular function and  no t a specificity of certain  cellular 
differentiations, e.g. of p lasm a cells). R ecently , these prim ary  anabolic 
processes have been localized histotopologically in  the  involved cells of 
th e  granulation tissue, a t  the  beginning of inflam m ation and have p artly
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F ig . 4. In c rease  o f  R N A  
in a c tiv a te d  an d  p ro lif­
e ra ted  m esenchym al cells 
d u rin g  th e  early  stage  of 
in f lam m atio n
F ig . 5. Inc rease  o f  R N A  
in a c tiv a ted  an d  p ro lif­
e ra te d  m esenchym al cells 
an d  in  f ib ro b la s ts  d u rin g  
th e  la te r  s tage  o f  in ­
flam m atio n
been dem onstrated  quan tita tive ly  by au torad iography using nuclear com po­
nents (labelled nucleotides) and  by biochemical determ inations of the  RNA 
and DNA content.
Thus, th e  increase of RN A  is th e  prelim inary  condition for enzym e syn ­
thesis, as well as for the  form ation of specific products (in this case th a t of 
com ponents of ground substance and  fibres in fibroblasts). The enzyme 
synthesis following the  increase of RNA is now dem onstrable w ith  recent 
enzyme histochem ical m ethods even w ithin the  firs t 2 to  3 hours afte r 
the  onset of wound healing and  inflam m ation.
F igure 6 shows th e  highly in teresting increase of ß- glucuronidase 
activ ity , usually  dem onstrable w ithin two hours a fte r the  beginning of 
inflam m ation and  wound healing, in  various proliferating connective-tissue 
cells of the  inflam ed area (in this case i t  refers to  ra t  skin stained  by  8- 
hydroxyquinoline azo-dye coupling m ethod); i t  m ay be dem onstrated  w ith 
o ther procedures, particu larly  by th e  m ethod of Fischm an and  others. This 
enzym e is of g reat in terest, since it  is involved in the  degradation o f connec­
tive-tissue com ponents th a t  were released during prim ary  disin tegration of
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F ig . 6. Inc rease  o f (3-gluc­
u ron idase  a c tiv ity  2 hours 
a f te r  th e  beg inn ing  o f in ­
flam m atio n  and  w ound 
healing  in  various p ro lif­
e ra te d  connective-tissue 
cells (s ta ined  w ith  8-hy- 
d roxyq u in o lin e  azo-dye 
coup ling  m ethod)
F ig . 7. Inc rease  o f am ino- 
p ep tid ase  a c tiv ity  in  
fib ro b las ts  o f g ran u la tio n  
tissue  (s ta in ed  w ith  azo ­
dye coup ling  m ethod)
th e  ground substance. The sam e holds for th e  enzyme am inopeptidase 
dem onstrated  in m esenchym al cells, particularly  in fibroblasts of g ranu la­
tion  tissue, and  likewise stained w ith  the  azo-dye coupling m ethod (Fig. 7).
The findings obtained  in  granulation tissue by  these newer enzyme- 
histochem ical procedures are sum m arized in  Fig. 8. From  th is figure it 
appears th a t  under sim ilar conditions the  dem onstrability  of enzymes in 
resting connective-tissue cells is reduced, m inim al or nil, while the  ac tiva ted  
cells contain hydrolytic enzymes in  an  increasing degree as oxydoreductase, 
and  in  the  fu rth e r course, lyases and  syntheases, too. From  th e  original 
colour scale, the  in tensity  of th e  functional increase of enzym e ac tiv ity  of 
the  connective tissue in inflam m ation and wound healing can be fairly well 
recognized. In  th is respect we wish to  po in t ou t th a t  the  enzym e p a tte rn  
of m acrophages and g ian t cells are ra th e r sim ilar which is fu rth e r evidence 
of the  fact th a t  also g ian t cells possess a rem arkable m etabolic ac tiv ity  
and  co-operate in the  degradation of dissolved tissue m ateria l and  of foreign 
substances involved in inflam m ation and traum a. Moreover, it is clear th a t  
connective-tissue cells possess enzyme p a tte rn s  com parable to  those of
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epithelial cells, th ey  have a rem arkable m etabolic ac tiv ity  and  ou tp u t. The 
prospective potencies of th e  connective tissue are rem arkable. From  these 
exam inations i t  can be concluded th a t  th e  function and  o u tp u t of the 
connective-tissue cells are more d ifferentiated  th an  th e ir shape. The sum 
m arized enzym e-histochem ical results show th a t qualita tive  and  q u a n tita ­
tive  differences in th e  enzyme p a tte rn s  of certain  connective tissue cells 
can be d ifferentiated. According to  these results, the  existence of an inductive 
or ad ap ta tiv e  enzyme synthesis in  the  connective tissue is highly probable. 
This synthesis takes place in the  course of in tracellu lar processes of ca ta b ­
olism, transfo rm ation  and  anabolism  w ith m esenchym al phagocytosis, d u r­
ing in flam m atory  or post-traum atic  tissue cleaning.
Num erous au thors reported  d a ta  on this subject, e.g. French and  B enditt 
(1954), Gedigk and B ontke (1956, 1957), Raekallio (1960), Cabrini (1961). 
L indner (1957, 1959a, b, c, 1960, 1961/1962, 1962a, b, 1963, 1964a, b, c, 
1965a, b), L indner and Gries (1961), L indner and  Schm idt (1964). The 
azo-dye coupling procedures, preferred by  us for th e  dem onstration  of 
hydrolytic enzymes, are b e tte r for electron-m icroscopical in tracellu lar lo­
calization of th e  enzymes (for electron-m icroscopic enzyme histochem istry 
see Gusek and L indner 1959).
As has been m entioned before, these enzyme syntheses as well as the  
neoform ation of specific fibroblast products, i.e. ground substance and
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f tF ig . 9. D em onstra tion  
o f po ly saccharide-p ro te in  
com plexes in  fib ro b las ts  
o f  g ran u la tio n  tissue 
(s ta ined  w ith  A stra  b lue 
—PA S com bination )
fibres, are induced bv syntheses of m atrix  RNA.Thus, we approach -w ithout 
reporting fu rther details on prim ary  and secondary alterations in itia ting  
in flam m ation—the process term ed as th ird  phase of inflam m atory  prolifer­
ation. This we describe in detail since im p o rtan t new results have been 
obtained recently  concerning the  early beginning of these synthetic  processes 
and  th e ir tem poral and causal interdependence. These decisive synthetic 
and  anabolic processes in  inflam m ation and wound healing are no t suffi­
ciently dem onstrable w ith com ponent-histochem ical procedures. This is 
evidenced by  Fig. 9 showing fibroblasts of granulation  tissue stained  by  
th e  com bination of A stra  blue and  PAS. Polysaccharide-protein complexes 
dem onstrable w ith various staining procedures (1962b) m ay be newly formed 
in diffuse or granular form in various connective-tissue cells, b u t also 
m ay be phagocytized m aterial which cannot be d ifferentiated  w ith these 
histochem ical procedures. According to  our detailed exam inations, th is holds 
for various connective-tissue cells and  no t only when anabolic processes 
predom inate (both in  vivo and in  vitro). I t  has even been found th a t  p a r tic ­
ularly clear dem onstrations of polysaccharide-protein complexes obtained 
with specific histochem ical procedures in connective-tissue cells more 
frequently  indicate catabolic processes in phagocytized m aterial th an  proces­
ses of neoform ation. This is a defin ite restric tion of the  findings obtained 
first by Gersh and Catchpole (1949). By electron-m icroscopical exam ina­
tions it was dem onstrated  th a t  catabolic and  anabolic processes, e.g. p h a­
gocytosis and fibre form ation can occur sim ultaneously in fibroblasts 
(Ross and  B end itt 1962). For various reasons, the  same certain ly  refers 
to  the  synthesis of the  ground substance, a lthough this could not yet be 
proved unequivocally by electron m icroscopy (Gries and L indner 1963b). 
For the  decisive questions of the  neoform ation of connective tissue, especially 
the elucidation of tem poral and  causal interrelationships of ground substance 
and  fibre form ation, first of all qu an tita tiv e  results are required. Therefore, 
parallel to  our m orphological exam inations, we carried ou t (Gries e t al. 
1962, Gries and  L indner 1963a, b, c, d, e, L indner and  Gries 1961, L indner 
1961/1962, 1962a, b, 1963, 1964a, b, c, 1965a, b) biochemical and radiochem i­
cal analyses of g ranulation  tissue (as neoform ation of connective tissue).
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Biochemical results. F igure 10 shows th e  norm al tem poral course of 
ground substance and  fibre form ation obtained on the  model of inner 
wound healing, i.e. the  cotton-pellet test. The upper curve represents the  
resu lt of hydroxyproline assay according to  Stegem ann, i.e. th e  assay of 
am ino-acid specific of collagen which is used for the  qu an tita tiv e  assay of 
collagen synthesis. Below it  th e  results of com ponent analyses of ground 
substance, obtained during its  synthesis, are indicated, nam ely uronic acids 
(according to  Dische), am ino sugars (according to  Boas), organic su lphate 
(according to  Dodgson and Spencer), supplem ented by determ inations of 
chondroitin sulphate (according to  D ittm an  and Cremer) and  of m ethyl- 
pentoses (according to  Dische and  Shettles) no t indicated  in  th is figure.
The m ost im p o rtan t resu lt of these exam inations is th a t, under norm al 
conditions, the  firs t step of neoform ation in the  granulation tissue is the  
synthesis of ground substance which is followed by th e  form ation of fibres. 
Such is the  tem poral relation of these syntheses. Their causal relation is, 
however, m uch more com plicated.
F or th e  fu rth e r elucidation of the tem poral and  causal interdependence 
of the  synthetic  steps in the  granulation tissue, com parative exam inations 
were required. This is the  theoretical reason for exam ining th e  influence of 
various substances on w ound healing in  the  compass of basic research. 
The results are of essential im portance in  clinical and practical medical 
work, and  concerning th e  effect of drugs used before, during, or a fte r 
surgical in terventions on wound healing.
F igure 11, com pared w ith  Fig. 10, shows the  th e  effect of cortisol and 
oxyphenbutazone (Tanderil) on this experim ental model of inflam m ation 
and  wound healing. I t  is apparen t th a t  the  form ation of collagen is signi­
fican tly  inhibited  by  the  selected concentration of Cortisol (200 mg/kg body 
weight of the ra t), while the  degree of inhibition effected by Tanderil, 
the  first m etabolite of phenylbutazone (Butazolidine), is smaller. Com pared 
w ith  the  control the  form ation of ground substance shows a slight increase 
under these experim ental conditions. The radiochem ical exam inations 
confirmed these results.
F igure 12 presents a com parison of th e  curves, described above, i.e. the  
biochemical analysis of fibre form ation with corresponding m orphological 
results of norm al and  influenced fibre form ation. There is a clear coincidence 
in th e  curves as regards the  m orphological and biochemical m ethods.
F igure 13 is a fu rth e r exam ple of these series of exam inations on the  
effect of some anabolic substances and  diuretics on wound healing and 
inflam m ation. These substances appear to  have an  increasing effect not 
only on general p rotein  m etabolism , as it is generally known, b u t also on 
collagen form ation. Moreover, the  d iuretics appear to  have a  clear effect 
on inflam m ation and  wound healing. This finding suggests th a t  also o ther 
substances m ay be effective in the  trea tm en t of in flam m ation and  wound 
healing by  influencing th e  m etabolism  of w ater.
From the facts reported hitherto, it is clear th a t in normal and influenced 
wound healing and inflammation, the formation of ground substance is a 
prim ary process and th a t of fibres is a secondary one.
The recognition of th e  prim ary  im portance of the  polysaccharides of the
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F ig . 10. N orm al tem p o ra l course o f  g round  
su b s tan ce  an d  fib re  fo rm atio n  (b iochem i­
cal assays)
F ig . 11. In fluence o f C ortiso l an d  oxyphen  - 
b u tazo n e  on th e  te m p o ra l course o f g round  
substance an d  fib re  fo rm ation  (b iochem ical 
a ssays) on  th e  m odel o f inner wound healing
F ig . 12. In fluence o f  C ortiso l and  oxyphen- 
b u tazo n e  on th e  tem p o ra l course o f fib re  
sy n th esis  (resu lts  o f  b iochem ical an d  
m orpho log ica l researches)
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F ig . 13. In flu en ce  o f  som e anabo lic  substances and  d iu re tics  on th e  tem pora l 
course o f  collagen fo rm atio n  (hyd roxyp ro line  a ssay  accord ing  to  S tegem ann)
ground substance in  the  neoform ation of connective tissue required  fu rther 
detailed  investigation of th is p rim ary  process w ith a m ethod th a t  allows 
th e  histotopological localization of th e  details of the  ground substance 
synthesis in histological sections, and perform s sim ultaneous precise q u an ti­
ta tiv e  determ inations of th e  sam e m aterial. These requirem ents are m et 
by using 35S-sulphate for au toradiography and by  parallel q uan tita tive  
radiochem ical determ inations of the  incorporation ra tes of 35S.
Autoradiographical and radiochemical results. In th e  autoradiographical 
and  radiochem ical exam inations the  incorporation ra te  of 35S is used as a 
m easure of the  neoform ation of acid m ucopolysaccharides and  thus, th a t  
o f ground substance, while the  incorporation ra te  of 3H -proline serves as 
a m easure o f collagen synthesis. According to  the findings of Dziewiatkowski 
(1951, 1952, 1962), Boström  (1954), Boström  e t al. (1953), Adams (1959, 
1960) Cam pani and  Cortinovis (1960), C urran and K ennedy (1955), H ersh­
berger e t al. (1959), L ayton (1950), R osem an (1959), Sachs e t al. (1960), 
Salmon (1960) and  our working team , the  incorporation ra te  of 35S can be 
used as a d irect qu an tita tiv e  m easure of m ucopolysaccharide synthesis and 
so th a t  of th e  neoform ation of connective tissue. As regards th e  prelim i­
nary  conditions of this incorporation (elim ination of a possible exchange 
of su lphate groups; [Adam s 1959, 1960, Boström et al. 1953, Boström 
1954, etc.] and  sim ultaneous synthesis of the  polysaccharide and protein 
p arts  of th is complex, etc.) we refer to  our repo rt on autoradiographical and  
radiochem ical studies on the  healing of bone frac tu re  in  th is volume.
Figure 14 is an  autoradiogram  (stripping-film  technique using K odak 
A R 10) of a 3-day-old granulation tissue showing th a t  form ation of muco-
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F ig . 14. A u to rad iog raph  
o f  a  3-day-old  g ra n u la ­
tion  tissue  w ith  dem o n ­
s tra tio n  and  in trace llu la r 
lo ca liza tion  o f  th e  M PS 
synt hesis
polysaccharides by  fibroblasts of the  granulation  tissue does not occur a t 
the same tim e, b u t a t a given tim e only p a r t  of them  are involved in m uco­
polysaccharide form ation and th e  percentage of the  involvem ent is also 
variable. This finding is im p o rtan t for various theoretical and practical 
reasons and will be su b stan tia ted  by fu rther findings.
F irs t we wish to  present the  finding obtained w ith exam inations with 
double labelling (Lindner 1963, 1964b, c, 1965a, b, L indner and  Schm idt 
1964) th a t  m ucopolysaccharide and collagen syntheses m ay take  place 
sim ultaneously in the  same connective-tissue cell. In  Fig. 15 sections of 
autoradiogram s are shown which were obtained in the  cartilaginous tissue
F ig . 15. A u to rad io g rap h s o f ca rtilag inous tissue o f 8-day-old ra ts  a f te r  in  vitro 
in co rpo ra tion  o f 35S (a), 3H -pro line  (b), an d  b o th  o f these substances; (c) double-
m ark in g  techn ique
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F ig. 16. E x p erim en ta l 
w ound c u t in  th e  b sck  
skin o f tiie  m ouse and  if 
sk in  a reas  w ith  h igher 
m agn ifica tion  (I, I I  and  
III)
of 8-day-old ra ts  afte r five hours of incubation (with sim ultaneous d eterm ina­
tion  of oxygen consum ption in  a W arburg apparatus), a fte r addition of 
3oS (Fig. I5a), of 3H -proline (Fig. 15b), and a fte r sim ultaneous addition  of 
bo th  substances (Fig. 15c) dem onstrating the  sim ultaneous occurrence 
of bo th  form ation processes in the  the  same cell.
Parallel w ith the  exam inations perform ed on the  model of inner wound 
healing, autoradiographical and radiochem ical exam inations on experim ental 
open wound healing were carried ou t as follows: p reparation  of au to ­
radiogram s as reported  above, radiochem ical exam inations of the  g ranu la­
tion  tissue a fte r 24 hours following a single adm inistration  of 35S in  vivo 
(in traperitoneal injection), th en  dialysis of the  rem oved tissue samples, 
determ ination of d ry  weight, wet ashing, precip ita tion  as barium  sulphate, 
counting of im pulse rates (m inute in m ethane flow counter, reg istra tion  in 
term s of mg d ry  weight). F or fu rther details see our report on callus form a­
tion  on p. 191.
Figure 16 (upper half) shows the  histological p a tte rn  of an experim ental 
wound cu t in  th e  back skin o f th e  mouse. The cu t w ith the  ad jacen t granu-
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F ig. 17. F ib ro b la s ts  of 
d iffe ren t labelling  w ith  
various m agn ifica tions
lation  tissue is a t the  left m argin of the  picture. In  the  lower h a lf of the  
p icture th ree skin areas are given, in  which the  num ber of 35S labelled 
fibroblasts were counted. Area I  is im m ediately ad jacen t to  the  wound, 
area I I  s ta rts  a t a d istance of 1 mm from  it, and  area I I I  is a t  2 mm 
from  area I. W ith  th is m agnification the  black grain ? of th e  autoradiogram  
are no t sufficiently recognizable b u t higher m agnification shows (in con­
form ity  w ith  sta tem ents m ade in connection w ith Fig. 14) th a t  in u n in ­
fluenced wound healing, 2-5 to  3-8% of the  fibroblasts are labelled in  area 
I, i.e. in th e  im m ediate p roxim ity  of the  wound, while the  corresponding 
values in area I I  are 0-8 to  2-3%, and  only 0-4 to  1-7 per cent in area 111 
(with 20 or more silver grains per cell in areas I I  and I I I ,  and  w ith 30 to 
50 silver grains per cell in area I). These details are illu stra ted  in Fig. 17, 
where fibroblasts of different labelling are dem onstrated  w ith  various 
m agnifications. In  these exam inations only those fibroblasts were assessed 
which, having 20 or more silver grains per cell, differed significantly from 
th e  b lank and  from  th e  slight labelling of the  intercellular substance (as 
a  result of the  release of labelled m ucopolysaccharides). W ith medium  and 
higher m agnification (Fig. 17a), several labelled fibroblasts appear, while 
only a  few or no silver grains are dem onstrable in the  rest. In  Fig. 17d, 
single fibroblasts w ith clear labelling are seen w ith oil im mersion m agnifica­
tion. I t  should be m entioned th a t  th is technique is less suited for p h o to ­
graphy  because, owing to  th e  little  focal length, th e  silver grains in the 
film are situated  above the  histological section. From  these exam ina­
tions fu rth e r evidence was obtained of the  fact th a t  only a  certain  percentage 
o f fibroblasts incorporate 35S-sulphate from m ucopolysaccharides a t a given 
time.
Grasedyck (1965) perform ed system atical exam inations w ith autoradio- 
graphical m ethods on th e  influence of various anabolic and  catabolic 
substances on the  incorporation rates of fibroblasts. We shall no t repo rt 
th e  results of his work in detail b u t give some examples of th e  influence 
of trea tm en t on the  model of ou ter wound healing, investigated  particu larly  
by Beste (1965) as being of practical im portance.
F igure 18 shows the  inhibiting effect of Cortisol on wound healing. 
As regards th is figure and  the  subsequent ones, we wish to  give the  following 
explanation. Since the  substances were given dilu ted  w ith physiological 
saline, th e ir effects have been com pared w ith  those of physiological saline. 
The experim ental anim als were trea ted  daily  from  the  day  of wound induc­
tion  until th ey  were killed; the  period of observation reproduced here was 
seven days. The ou ter skin wound and  the  in tac t control skin of th e  same 
anim al were examined, so th a t  in each case the  35S-incorporation ra te  
in  the  granulation tissue and in  in tac t control skin from  the  th ird  to  sev­
en th  day  a fte r wound induction are given in Fig. 18a for the  control 
(physiological saline) and for the  substance applied. On the  righ t side of 
each diagram  we find the  relation of the  wound to  the  in tac t control skin 
o f the  same anim al. The 35S-incorporation ra te  of in tac t control skin on 
each day  a fte r wound induction has been equalled to  100% and  th en  the  
percentages of the  35S-incorporation rates of the  traum atized  skin of the  
sam e anim al have been calculated. As seen in Fig. 18b, far more 35S is
49
IprryiOOmg
%
200-1
7000-,
A
’80-
6000- /  \  0-9%NaCl 160-
5000-
y  \wound healing 
Control skin '
740-
720-
4000- \ 100-\  \
3000-
o-------------
Cortisol \ 80-
2000-
control skin \  _
T  - V —
60-
40-
1 000- Cortisol 20-wound healing
~3 4 5 6 7
Days after wounding
?\
• \/ \/ V
/  \  ^ - o .
' 'br'
1 0-9% NaC!
i  J-.
Cortisol
1  4 5 6 7
Oot/s ö fte r wounding
a b
F ig . 18. C om parison o f 
the influence o f  C ortisol 
an d  physio log ical saline 
on w ound healing
F ig . 19. C om parison of 
th e  influence o f penicillin  
and  physio log ical saline 
on w ound healing
incorporated  in to  the  granulation  tissue of controls trea ted  w ith  physio­
logical saline th an  in th e  in tac t control skin of the  same anim al. I t  is of 
in terest, however, th a t  in anim als tre a ted  w ith  Cortisol, the  incorporation 
ra te  of 35S and  so the  form ation of m ucopolysaccharides, ground substance 
and  connective tissue in  the  granulation  tissue is only higher on the  fourth  
day  th an  in the  in tac t control skin of th e  same anim al and  on the  o ther 
days it  is lower, i.e. more strongly inhibited . From  Fig. 18a it  is clear th a t  
th e  incorporation ra te  on 35S, hence th e  form ation of m ucopolysaccharides 
and  ground substance in  w ound granulation tissue and in in tac t control 
skin is inhibited  by  Cortisol.
F igure 19 shows the  resu lt of exam inations w ith penicillin dem onstrating 
the  influence of antib io tics on wound healing when applied before, during
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F ig . 20. C om parison of 
I he in fluence  o f  L iquem in  
an d  physio logical saline 
on w ound healing
F i g . 21. C om parison o f 
(he in fluence  o f  E n d o x an  
a n d  physio log ical saline 
on w ound  healing
and  after, surgical in tervention. Penicillin increases the  incorporation of 
35S in lesioned and  in tac t skin (Fig. 19a) as com pared w ith the  controls, 
whereas th e  differences of th e  incorporation ra tes of traum atized  and 
in tac t skin are less th an  in  th e  controls receiving physiological saline (Fig. 
1 9 b ) .
The effect of preoperative and postoperative trea tm en t w ith an ticoagu­
lan ts  is illustra ted  in Fig. 20 w ith regard  to  Liquem in. Liquem in, compared 
with the  controls, leads to  an inhibition of the  incorporation ra te  of 35S in 
traum atized  and in tac t skin (Fig. 20a) and, therefore, th e  difference of 
35S-incorporation ra tes of traum atized  and in tac t skin a fte r trea tm e n t with 
Liquemin is m uch sm aller th an  in th e  controls (Fig. 20b).
O Symp. Biol. Hung. 51
Finally , the  effect of E ndoxan , as an  exam ple of postoperative trea tm en t 
w ith cytostatics is dem onstrated  in Fig. 21 w ith th e  expected resu lt of 
inhibition  of 35S-incorporation ra te , i.e. of th e  form ation of m ucopolysaccha­
rides and  ground substance in  th e  granulation  tissue of wounds, while in 
th e  in tac t skin of E ndoxan-treated  anim als an increase of m ucopolysaccha­
ride synthesis is visible, com pared w ith  u n trea ted  controls.
The last stages of w ound healing e. g. contraction (Abercrombie et al. 
1954, etc.) are n o t described here.
F o r theoretical and  practical reasons, described above, num erous au thors 
investigated  the  effect of various substances on th e  connective tissue 
(vitam ins, hormones, antiphlogistics, etc.), on the  35S-incorporation rates 
and  on th e  form ation of m ucopolysaccharides, ground substance and  collagen 
fibres (Campani und  Cortinovis 1960, Agostini e t al. 1962, Boström  1954, 
C urran and  K ennedy 1955, D unphy and  U dupa 1955, H ershberger e t al. 
1959, L ay ton  1950, 1951, Mancini e t al. 1961, Moltke 1957, P iran i e t al. 
1951, W illiamson and  From m  1954, W illiamson und  G uschlbauer 1961, 
Lindner 1957, 1959a, b ,c ,  1960, 1961/1962, 1962a, b, 1963, 1964a, b ,c ,  
1965a, b, L indner and  Gries 1961, L indner and  R udas 1961, L indner and 
Schm idt 1964, and  others). The results vary  and are even con trary  as shown 
in Table I.
Table 1
In fluence  on 35S -incorpora tion  as m easu rem en t 
o f  g round -substance  syn thesis
H orm ones I M PS com ponen ts
A drenoco rt. stero ids
T hyroxine
In su lin
O estrogens
A ndrogens
ST H
+
±
Glucose
G lu tam ine
G lucosam ine
+
-j-
-f-
V itam ins E nzym e tox in s
Age _
A therogenic  d ie t +
B A PN ±
V itam in  C deficiency — X -ray s ±
V itam in  A  deficiency + A ntiph log istics ±
N o te:  J- =  increase; — =  inh ib ition .
Table I presents the results obtained by different authors on the increas­
ing or inhibiting effect of certain substances or factors influencing 35S uptake 
(as a measure of ground substance formation), drawn up by one of our 
collaborators (Schlieben).
In  the examinations carried out by our working team, the same model 
was used in various dosage series. In  addition, examinations were performed
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on inner and  ou ter w ound healing, on w ound healing of cartilage and  bone 
tissue (callus), on norm al, influenced and  lesioned vascular walls, on other 
cartilaginous tissues and, mostly, on the  developm ent of em bryonic connec­
tive tissue (Lindner 1959a, b, c, 1960, 1961/1962, 1962a, b, 1963, 1964a, b, c, 
1965a, b, L indner and  Gries 1961, L indner and  Schm idt 1964).
The resu lt of these extensive com parative investigations of theoretical 
and  practical im portance shows th a t  the  effect of substances on the  develop­
m ent of connective tissue, particu larly  on inflam m ation and  w ound healing, 
depends on onset and  dosage, th a t  the  syntheses of ground substance and  
fibres can be influenced in  various m anners and  th a t  the  tem poral and  
causal interdependences of these .steps can be fu rth e r elucidated by these 
investigations. Moreover, i t  shows th a t  the  d ifferen t results found in lite ra ­
tu re  are due to  th e  use of:
1. d ifferent models
2. d ifferent m ethods
3. d ifferent doses
4. d ifferent periods of observation.
Therefore, i t  is necessary to  carry  ou t such extensive com parative exam i­
nations as reported  here, including th e  use of tem poral series, before any 
generalization can be m ade or conclusion can be draw n based on analogy. As
T a b l e  I I
T em pora l course o f in flam m ation  and  w ound h ea ling  
(onset o f th e  m o s t im p o rta n t stages)
Disintegration of ground substance=prim ary change of physicochemical 
sta te  w ith disaggregation, dispersion of colloids, depolymerisation, etc. 
of mucopolysaccharide-protein complexes, swelling as a result of in ­
creased binding of w ater and other substances w ith disturbances of 
' isoinia and isotonia: p rim ary acodosis (catabolism)
Swelling of fibrils (by participation of interfibrillar cement substance 
in the disintegration of ground substance) (catabolism)
Unmasking, irritation  and swelling of cells w ith onset of pinocytosis 
and phagocytosis as well as activation of enzymes of resident connective 
tissue cells (fibrocytes, histiocytes, cells of the vascular wall, etc.). 
Synthesis of RNA and adaptive or inductive synthesis of enzymes 
(catabolism and anabolism)
Degranulation of m ast cells =  release of heparin and histam ine
Change of perm eability of the capillary wall as a result of participation 
m disintegration and swelling processes of intercellular substance w ith 
influence on capillary function: prestasis, stasis, hypoxia, inflam m atory 
hyperalm ia; release of serum (fibrin), erythrocytes, leucocytes, etc. 
Perm eation, exudation, emigration
Incorporation of 35S (sulphation and synthesis of mucopolysaccharides) 
(anabolism)
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F irst to  fourth 
hour
( T a b l e  I I  c o n t i n u e d )
Fourth to 
tw elfth  hour
Secondary acidosis, continuation of alterations of the ground substance 
Products of denaturation  and degeneration of collagen, destruction by 
non-specific proteases
Increase of intracellular and extracellular catabolism, of glycolysis, 
proteolysis, lipolysis, etc.
Incorporation of 35S (sulphation and mucopolysaccharide synthesis) 
(anabolism)
Twelfth to  fo rty - 
eigth hour
Increase of initial preponderantly catabolic processes 
In tensity  and duration dependent on site of inflam m ation as well as 
on nature, strength and duration of inflam m atory stimulus 
Simultaneous overlapping of catabolic process w ith prim ary and 
secondary anabolic processes:
Proliferation of cells (3H -thym idine m itotic ra te  index), particularly  
proliferation of fibroblasts, incorporation of 35S and 3H-proline: radio­
chemical dem onstration of ground substance and fibre synthesis
Second to 
th ird  day
Histochemical and biochemical (uronic acids, hexosamine, mucopoly­
saccharides) dem onstration of ground-substance synthesis
Third to fourth 
day
Histological and biochemical (hydroxyproline assay) dem onstration of 
fibre synthesis, capillarization
Fourth to  sixtli
day
Shifting of cellular ra te  w ith decrease of microphages in favour of 
m aturing fibroblasts; neoformation of m ast cells
S ixth  to ten th  
day and later
Decrease of w ater content, increase of degree of polymerization of ground 
substance w ith decrease of histochemical staining properties and increase 
of physicochemical equilibrium, i.e. of eucolloidal s ta te  of ground 
substance; ra te  shifting of collagen fractions
Complete or incomplete restoration of original situation: quantitative 
and tem poral dependence on localization, on nature, degree and exposi­
tion of inflam m atory stimulus
conclusion and  sum m ary of th is report, Table I I  is presented, showing the 
tem poral course of inflam m ation and  w ound healing from th e  onset of the  
lesion un til restoration.
A t the  same tim e, Table I I  sum m arizes the  results of our extensive 
exam inations on inflam m ation and  w ound healing and  points ou t th e  s ta te  
of our knowledge based on recent com parative morphological, biochemical 
and  radiochem ical studies. In  th is concluding sum m ary the  beginning of the  
catabolic and  anabolic processes of inflam m ation and  wound healing are 
indicated as far as th ey  are dem onstrable w ith  recent com parative m orpho­
logical, biochemical and  radiochem ical m ethods. F rom  these th e  onset of 
th e  subsequent stages of wound healing ensuing a fte r wound production 
or beginning of inflam m ation, can be recognized, the  close sequence of 
the  anabolic and  catabolic processes and  their close interrelations. Their
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tem poral and  causal com bination, their ex trao rd inary  quick s ta r t  and course 
and  the  fact th a t  these synthetic  processes occur early  in  each wound 
healing and  inflam m ation are dem onstrated . Moreover, it  points ou t the 
im portance of catabolism  and  anabolism  of th e  ground substance for the 
whole fu rth e r course of wound healing and inflam m ation. A t th e  sam e tim e, 
i t  shows in  which m anner such basic research m ay serve practical medical 
work and  as to  w hat ex ten t w ound healing and  inflam m ation are in the  
centre of medical research and practice in m odern medicine.
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ON T H E  B IO G E N E SIS  OF CARTILAGE 
by
Cs. H a d h á z y , É v a  H .  O l á h , M á r ia  B. L á s z l ó  
and K a t a l in  S. K o s t e n s z r y
DEPARTMENT OF ANATOMY, HISTOLOGY AND EMBRYOLOGY 
UNIVERSITY" MEDICAL SCHOOL, DEBRECEN, HUNGARY
T h e  c h a r a c t e r is t ic  features of the  process of cartilage form ation tak ing  
place in the  ad u lt organism  have been stud ied  by  au thors for a consid­
erable tim e. Investigations were carried ou t on an experim ental model 
suitable for such purposes: th e  regenerating articu la r surface of the  distal 
p a r t  o f the  fem ur in th e  dog. D uring the  investigations, detailed  his- 
tochem ical analyses, determ ination of carbohydrates, nucleic acid and 
am ino acid m etabolism  and  electron-optical exam inations of th e  differen­
tia tin g  cells have been perform ed. A to ta l of 800 dogs were used in  the  
experim ents.
Sem iarthroplasty  of the  knee-joint, according to  K rom pecher (1956, 
1958a, b), was perform ed on all the  dogs. The operation consisted in  open­
ing the  knee-joint and  rem oving the  cartilaginous a rticu lar surface of the  
d istal p a r t  of the  femur, together w ith a th in  (a few m illimetre) layer of 
th e  underlying spongious bone. Subsequently, a new articu lar surface was 
form ed of the  spongious bone and  the  wound was closed.
The granulation tissue developing from th e  haem atom a was found to  
adhere p artly  to  th e  bone wound and  p a rtly  to  the  a rticu lar capsule. As 
a resu lt of postoperative trea tm en t (moving of the  joints from  the  fifth  day  
on), th e  originally uniform  granulation tissue divides in two: one jia rt 
adhering to  the  bone wound and  the  o ther to  the  tissue of the  articu lar 
capsule. Essentially, our investigations consisted in th e  exam ination of 
these tw o kinds of g ranulation tissue, one being term ed  “granulation tissue 
adhering to  the  a rticu lar surface” and  the  o ther “granulation tissue adhering 
to  the  capsule” (Fig. 1). The la tte r  tissue, since no cartilage differentiation 
occurs in it, served as control. On the o ther hand, th e  granulation tissue of 
th e  a rticu lar surface undergoes a gradual chondrification and  regeneration, 
lead ing—according to  K rom pecher’s d a ta  (1958a, b )—to  th e  develop­
m ent of a  new, well functioning and  histologically evidenced articu lar 
surface in abou t two years. Our investigations are concerned w ith th e  
early  events of regeneration studied in  five stages, selected experim entally . 
(H adházy and  Oláh 1958):
1. Seven days after operation th e  bone wound is covered by richly vascular­
ized granulation tissue containing large am ounts of fibrin  (Fig. 2);
2. Twenty days after operation the granulation tissue is fibrotic, its 
vascularization is reduced compared with th a t of the previous stage.
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F ig. 1. Schem atic  re p re se n ta tio n  o f k n ee -jo in t o f dog  
showing th e  top o g rap h ic  localiza tion  o f th e  granu la tion  
t issue o rig in a tin g  from  a  com m on source. One p a r t  o f  
th e  g ran u la tio n  tissue ad h eres to  th e  bone w ound an d  
la te r  d iffe ren tia te s  to  cartilag e . N o ca rtilage  fo rm ation  
can be observed  in  th e  g ran u la tio n  tissue  ad h erin g  
to  th e  a r t ic u la r  capsule
On th e  border between the  spongious bone 
and  granulation tissue desmal bone building 
is going on (Fig. 3);
3. Twenty-six days a fte r operation the  firs t cartilage form ations appear 
in the granulation  tissue (Fig. 4);
4. T h irty -th ree days a fte r operation small circum scribed cartilage islets 
appear in  the  granulation tissue as if  resting on the spongious bone. These 
islets contain cartilage cells in various stages of differentiation 
(prechondroblasts, chondroblasts, chondrocytes).Their im m ediate vicin­
ity  is poorly vascularized b u t in th e  granulation tissu e—a t some
F ig . 2. Seven-day-old  a r t ic u la r  surface. 
R ich ly  vascu larized  g ran u la tio n  tissue 
covered  b y  fib rin  on th e  spongious bone 
s tu m p s. H aem atoxy lin -eosin ; X 95
F ig. 3. T w en ty -day-o ld  a r t ic u la r  surface. 
R e la tiv e  decrease in  th e  vascu la riza tion  
o f g ran u la tio n  tissue . D esm al bone fo rm a­
tion  in  th e  v ic in ity  o f th e  spongiosa. H a e ­
m atoxy lin -eosin ; X 95
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F i g . 4 . T w enty -six -day-o ld  a r t ic u la r  su r­
face. In c ip ie n t ca rtilage  d iffe ren tia tio n . 
H aernatoxy lin -eosin ; X 370
F i g . 5. T h irty -th ree-d ay -o ld  a r t ic u la r  s u r­
face. “ Iso la ted  cartilag e  is le t” an d  its  
en v iro n m en t. H aem ato x y lin -eo sin ; X 95
distance from  the  cartilage islets m arked capillary netw ork has 
developed (Fig. 5);
5. Seventy days a fte r operation several cartilage islets, which were sep a ra t­
ed until then, become fused forming large confluent islets con tain ­
ing num erous m atu re  cartilage cells. The tissue of th e  regenerating 
articu la r surface is poor in  capillaries and  th e  lum ina of the  vessels 
are, in their m ajority , com pressed (Fig. 6).
On the  results obtained on the  experim ental m aterial described above, 
th e  following points will be discussed. As i t  has been poin ted  out, cartilage 
tissue develops in  avascular milieu. This s ta tem en t is based on concordant 
results of several investigations. Sim ilar results were obtained  in  our investi­
gations in which injections of Ind ia  ink were em ployed(H adházy et al. 1959) 
by which th e  capillary netw ork of the  operated  articu la tion  of th e  dog 
was visualized. In  all of the  cases, cartilage form ation was found to  be 
preceded by  a capillary pauperization appearing first in  patches, th en  
extending over larger areas. This s ta tem en t was verified b y  planimetric 
exam inations of the  cross-sections of the  capillaries in th e  articu la r surface 
(H adházy e t al. 1959) and, by  determ inations of its haemoglobin content by
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chemical (Oláh et ah 1959) and  che- 
miluminiscence (H adházy e t ah 1966) 
m ethods. Figure 7 shows the  scheme 
of the  results obtained in injection 
experim ents.
The study  of vascular conditions 
was followed by  exam inations on 
carbohydrate metabolism. The oxygen 
consumption (respiration) of th e  chon- 
drifying granulation  tissue and th a t  
of the  granulation tissue adhering to  
the  capsule, (Oláh et al. 1961) d e ter­
m ined by the  m anom etric m ethod of 
W arburg (1926), was found to  increase 
in th e  early stages and  to  decrease 
considerably in the la te r stages. W hile 
the  ascending p a rt of th e  respiration 
curve seemed to  be explainable, accord­
ing to  W arburg (1926), Brock, e t al. 
0939), K aunitz  and Selzer (1938) and 
others, by  the  “irrita tio n ” of the  
m etabol ism due to  im pairm ent, it was 
ra th e r difficult to  explain the  decreas­
ed respiration ra tes in the  la te r stages. 
On the basis of the findings of Büchner 
(1956), exam inations were perform ed 
to  see w hether we have to  deal here 
with im pairm ent of the  cytochrom es, 
deficient substra te  or oxygen supply, 
or d isturbed  thy ro id  ac tiv ity  (H adházy e t al. 1961). The investigations 
on cytochrom e and oxygen deficiency were carried out by  th e  m ano­
m etric m ethod (W arburg), by  adding m ethylene blue and  glucose, 
respectively, and  th e  thy ro id  was exam ined by histological m ethods. The 
results of our exam inations indicated  th a t  the  decrease in resp iration  is 
caused—in addition to  the  probable s ta te  of hypox ia—by  reduced te rm inal 
oxidation. The exam inations on aerobic and  anaerobic glycolysis (H adházy 
e t al. 1962), perform ed likewise by W arburg’s m ethod, p a r tly  yielded 
unexpected results. In  th e  early  stages, bo th  under aerobic and  anaerobic- 
conditions, an  increase of glycolysis was observed; in the  la te r stages, 
however, glycolysis was found to  decrease. The early  increase of glycolysis 
seemed to  be in  agreem ent with, and explainable by, the  s ta te  of hypoxia 
of the  tissue due to  increased vascular pauperization, b u t the  decrease of 
glycolysis in th e  la te r s tages—on account of the stagnating  or even increas­
ing constriction of th e  to ta l volume of capillaries—seemed to  be inexpli­
cable. D eterm inations on tissular lactic acid perform ed by Barker- 
Sum m erson’s m ethod gave results entirely  concordant w ith those concern­
ing glycolysis (Oláh e t al. 1959).
F u rth e r results were obtained from  our exam inations on m ucopolysaccha­
Kig . 0. S ev en ty -d ay -o ld  a r t ic u la r  surface. 
“ Conf luen t ca rtilag e  is le t” an d  its  env iron ­
m en t. H aem ato x y lin -eo s in ; X  95
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rides. B y histochem ical exam ina­
tions (H adházy and Perjés 1962) 
i t  was dem onstrated  th a t  the  p re ­
cursors of cartilage (prechondro- 
blasts and in p articu lar the  chon- 
droblasts) produce large am ounts 
of acid m ucopolysaccharides. I n ­
vestigations on substances con tain ­
ing hexosam ine (m ucopolysaccha­
rides), by  th e  m ethod of Elsőn and 
Morgan, revealed significant accu­
m ulation of these substances sim ul­
taneously  w ith  th e  appearance of 
th e  confluent cartilage islets (Oláh 
and  H adházy 1962). The production 
of substances containing hexosamine 
in the  presence of glutam ine was 
m easured bo th  under aerobic and  
anaerobic conditions (Oláh et al.
1965). I t  was found th a t  th e  regener­
ating articu lar surface is able to  
synthesize mucopolysaccharides 
bo th  in aerobic and  anaerobic 
milieu. This finding indicates th a t  
in  the  course of regeneration of the 
articu lar surface the  form ation of 
m ucopolysaccharides occurs in  situ, 
i.e. th ey  are no t transported  from 
elsewhere to  the  chondrifying area.
On com paring our results con­
cerning vascularization, production 
of lactic acid (aerobic and  anaero­
bic glycolysis) and  lactic acid con­
ten t, as well as hexosamine p ro ­
duction and content, a tem poral 
correlation appears to  exist be­
tween them . Cytochrom e im pair­
m ent (or inactivation) becomes
m anifest in a certain  stage of reduction of vascularization, and the  accum ula­
tion  of m aterials containing hexosamine is parallel w ith th e  decrease in 
lactic acid content. This in terre lation  is illu stra ted  in Figs 8 and  9. In  Fig. 9 
th e  results of determ inations on haemoglobin, expressed in ferri ions, as 
well as on lactic acid and  hexosamine are projected on each other. The 
cross-sections of th e  capillaries have been m easured planim etrically  and 
com pared w ith th e  whole te rrito ry  of th e  a rticu lar surface. The F e + + + 
values have been determ ined according to  W ong’s m ethod. The values 
represent the  am ount of haemoglobin.
F ig . 7. Sum m ariz ing  schem e o f re su lts  
o b ta in ed  follow ing op era tio n . A =  7-day 
stage: rich  cap illa ry  n e tw o rk  in  the, g ra ­
n u la tio n  tissue; B =  20-day  stage: d e ­
creased  vascu lariza tion  in  som e c ircum ­
scribed areas ; p a r t ia l (a) an d  com plete  (b) 
vascu la r o b s tru c tio n ; C =  33-day stage: 
la rger poorly  vascu larized  and  av ascu la r 
areas; D  =  70-day stage: sm all b u t still 
fa irly  vascu larized  a reas  w ith in  large 
av ascu la r te rrito rie s; F. role o f m echani­
cal factors: poorly  vascu larized  a reas 
co rrespond ing  to  em erg ing  spongious 
bone p a r ts  an d  fa irly  vascu larized  a reas 
in  th e  sunken  p a r ts  o f  th e  spongiosa
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F ig. 8. G raph  il lu s tra tin g  th e  
a lte ra tio n  o f  re sp ira tio n , a n a e r ­
obic an d  aerob ic  glycolysis, 
hexosam ine co n te n t an d  th e  
en h anc ing  effect o f m e th y len e  
b lue on re sp ira tio n . (The v a l­
ues o b ta in ed  on th e  sev en th  d ay  
h av e  been considered  as 100% . 
The la te r  values h ave  been com ­
pared  to  these values)
Oxybiotic I \ Anaerobic glycolytic 
V/////Á Mucopolysaccharide
F ig. 9. Graph showing the shift­
ing of metabolism during the 
development of cartilaginous 
articular surface from granu­
lation tissue (7 to 70 days)
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F ig. 10. G rap h  d em o n s tra tin g 'th e  hexos- 
am ine  p ro d u c tio n  o f th e  g ran u la tio n  
tissue o f th e  a r t ic u la r  surface an d  o f the  
g ran u la tio n  tissue ad h erin g  to  the  a r t i ­
cu la r capsu le  u n d e r aerob ic  an d  a n a e r ­
obic co n d itions . The a m o u n t o f hexos- 
am in e  p roduced  in one h o u r is expressed  
in th e  p e rcen tage  va lue  o f th e  hexos- 
am ine c o n te n t o f  fresh tissue. A fte r a  
tim e th e  chondrify ing  g ran u la tio n  tissue 
p roduces hexosam ine b o th  u n d e r aerob ic  
an d  an aero b ic  cond itions, w hereas th e  
hexosam ine p ro d u c tio n  o f th e  g ran u la tio n  
tissue ad h e rin g  to  th e  capsu le  occurs on ly  
in  an aero b ic  m ilieu
i -
F irst m axim um  (lower figure, left side): the  conditions of oxybiosis in 
th e  in itia l stages are given. Second m axim um  (middle part of lower picture): 
th e  capillaries necessary for oxybiosis are reduced. L actic acid conten t 
reaches its m axim um . Cartilage islets appeal’. Third  m axim um  (lower figure, 
righ t side): th e  conditions of oxybiosis (blood supply) no longer prevail. 
R eduction of lactic acid content indicates the  decrease of anaerobic glycoly­
sis. M ucopolysaccharide conten t reaches its  m axim um . On th e  basis of 
these d a ta  it m ay be supposed th a t the  decrease of lactic acid observed in 
th e  la ter stages and  the  sim ultaneous decrease of glycolysis m ay be connected 
w ith th e  production of substances containing hexosam ine in th e  following 
m anner: some of th e  interm ediaries of the  Em bden-M eyerhof pathw ay, as 
m ucopolysaccharide precursors, m ay be used to  form these substances 
(H adházy e t al. 1963). This seems to  be supported  by th e  obligatory hexos­
am ine production  of the  chondrifying granulation tissue (Fig. 10).
The purpose of our present investigations is to  verify these in terrelations. 
Consequently, exam inations are being carried ou t to  stu d y  the  changes 
of certain  enzymes of the  Em bden-M eyerhof pathw ay  tak ing  place during 
chondrification. The results ob tained  so far indicate th a t  the  ac tiv ity  of 
phosphofructokinase enzyme has a decreasing tendency in th e  course of 
cartilage form ation. I t  is supposed, therefore, th a t  in cartilage form ation 
(and presum ably in all cases when and  where m ucopolysaccharides are 
form ed) phosphofructokinase becomes p artia lly  blocked in th e  E m bden- 
M eyerhof pathw ay, by  which glucose-6-phosphate or fructose-6-phosphate 
m ay be transform ed to  hexosam ine precursors. The enzymes preceding 
th e  supposed partia l block appear to  function norm ally. This sta tem en t 
is su b stan tia ted  by our determ inations on phosphohexosisom erase (H adházy 
e t  al. 1966 and  phosphoglucom utase (Oláh e t al. 1966) activities.
Investigations on more d is tan t in terrelations as well as on causal motives 
will be the  subject of fu rther exam inations.
6 3
S U M M A R Y
Chondrogenesis of regenerating a rticu la r surface was studied on experi­
m ental m aterial obtained from  the  dog. According to  previous observations, 
th is chondrogenesis takes place in  a poorly vascularized environm ent.
The au thors have been concerned w ith studies of certain  aspects of 
carbohydrate m etabolism  (tissue respiration, aerobic and  anaerobic glyco­
lysis, lactic acid content, hexosam ine production and  content, and  ac tiv ity  
of certain  enzymes).
As a result of their exam inations, the  au thors claim th a t  previous reduc­
tion of vascularization is of u tm ost im portance in postem bryonal cartilage for­
m ation. In  th eau th o rs ’ opinion, theincreasing  lack of oxygen leads to  im pair­
m ent of term inal oxidation or to  its inactivation , by  which the  ra te  of glyco 
lysis becomes even m ore p reponderan t in  th e  granulation tissue. However, in 
th e  course of the  Em bden-M eyerhof pathw ay, phosphofructokinase is p re ­
sum ably partia lly  blocked as a resu lt of which some interm ediaries preced­
ing the  block m ay be used for m ucopolysaccharide form ation.
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ARK T H E R E  MEANS TO PROM OTE CALLUS FORM ATION?
by
L. B ö h l e r
U N FA LLK RA N K EN H A U S, VIENNA, AUSTRIA
It h a s  long been dem onstrated  by K rom pecher, in experim ents and  h isto ­
logically, th a t  under compression callus develops, i.e. a  bony healing ensues, 
while under the  effect of trac tio n  only a connective tissu lar connection 
arises betw een the  fractu red  ends. I  wish to  give here an  em pirical account 
of m y experience on callus form ation.
Since 1912, i.e. for 53 years 1 have trea ted  more th a n  140,000 recent 
bone fractures. In  the  m ajo rity  of the cases consolidation of the  fractures 
occurred, though we have never adm inistered any  of those innum erable 
m edicam ents which are said to  prom ote callus form ation. M y experience has 
proved that no such material is available so far, though it would be urgently  
needed. I f  sometimes no callus form ation occurred, we succeeded, in  the  
course of years, in finding out its causes and avoiding them  in sim ilar 
cases in  a pure em pirical way w ithout m aking use of anim al experim ents 
or microscopes.
A part from  recent fractures, we have also tre a ted  several thousands of 
in jured m en w ith delayed callus formation  and  pseudarthrosis. All of them  
had  previously received for a longer or shorter tim e, sometimes even for 
several years, various sorts of substances supposed to  stim ulate  callus 
form ation. The fact th a t  these p atien ts  came to  us w ith a pseudarthrosis 
proves th a t  these medicines were no t effective w ith them . In  connection 
w ith a case o f shin-bone fracture, I  have described all th a t  had  been given 
30 years ago to  stim ulate callus form ation, in  th e  12/13th Germ an edition 
of m y work: Technik der Knochenbruchbehandlung (p. 262) and  in m y book: 
Treatment of Fractures (F ifth  English edition, p. 258) and  in  the Spanish, 
Ita lian , French, Polish, R ussian, Chinese and  H ungarian  editions. I  have 
read  hundreds of sim ilar case histories. In  th e  m eantim e innum erable 
new m aterials have been recom m ended.
In  th e  A ustrian  Em ergency H ospitals more th an  14,000 shin-bone 
fractures have been trea ted . Of th is num ber only 4 had pseudarthrosis. 
Of 1019 fractures of th e  shaft of th e  hum erus also 4 cases of pseudarthrosis 
were observed. These 8 p atien ts  had  been trea ted  by  d istraction. Does the 
fact th a t  the  m ajo rity  of the  fractures healed w ithout callus form ing m aterials 
and  th e  p a tien ts  w ith pseudarthrosis brought to  us had, w ithout exception, 
received m any  kinds of callus prom oting m aterial, perm it us to  draw  the  
conclusion th a t  these m aterials were th e  cause of pseudarthrosis ? C ertainly
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not as the  thorough re-exam ination of the  antecedents revealed th a t  in 
these cases the  th ree fundam ental principles of fractu re  trea tm en t : reduction, 
immobilization and  functional activity (exercise), were no t properly followed 
tru stin g  the  effect of the  callus building m aterial given to  the  patien ts. 
Sometimes reduction was deficient, sometimes the  duration  of rest was 
too sho rt and  in m any cases m ovem ent therapy  was neglected.
Cause of callus formation. The form ation of callus occurs a t  sites where 
th e  bone suffered such a violent im pact th a t  it  broke. Thus, fractu re  is 
the  prerequisite of callus form ation. According to  K linischer, callus-like 
form ation m ay arise in  non-fractured  bones as well, e.g. if ru sty  wires are 
introduced into the  m edullary cavities, i.e. as a resu lt of a strong chemical 
irritation. The b e tte r th e  fragm ents are ad justed  and  the more carefully 
immobilized and  th e  b e tte r  their blood supply is, the  sooner th e  callus 
develops and  th e  stronger the  bone becomes. Good blood supply  is the  
m ost im p o rtan t condition of callus form ation.
Delayed callus formation and causes of pseudarthrosis. Resorption of 
fractured ends. The fractu re of a bone is soon followed by  an increase of 
blood supply in the  fractu re  area where lively processes of resorption and 
reconstruction are tak ing  place. Both fractu red  ends necrotize in an  area 
o f abou t 1 to  2 mm, as has been dem onstrated  histologically (see Figs 4304 
to  4307 of the  Suppl. Vol. of 12/13thG erm an edition of Technik der Knochen­
bruchbehandlung.* This necrotized tissue will be absorbed and acts as a biolo­
gical stim ulus on the  environm ent. Mechanically, th is process is of great 
im portance since in  fractures w ithout dislocation, a gap is form ed be­
tween the  broken bone ends which m ust be filled up. The form ation and 
developm ent of th is  gap can be fairly dem onstrated  in  th e  fractures of the 
scaphoid. The in terfragm en tary  space is often  so narrow  th a t it is alm ost 
indiscernible in the  firs t roentgenogram  (Fig. 1/1253). Ten to  14 days la ter 
th e  resorption of the  broken bone ends becomes obvious by  the  broadening 
of the  fractu re  gap. I f  adequate im m obilization is ensured, the  gap is usually 
bridged over by bony union w ithin six weeks. I f  rest is not ensured, resorp­
tion of the  bone ends progresses, bringing about a trau m atic  cav ity  (Figs 
1/249, 1/1269, and  1/1270). I f  the  bone is no t im mobilized even now, both  
fractu re  ends become delim ited and  a pseudarthrosis ensues (Figs 1/1273 
and  1/1274) leading sometimes even to  the  necrosis of one or bo th  broken 
bone ends (Figs 1/1275 and  1/1276).
Duration of consolidation. The tim e necessary for callus form ation varies 
not only depending on th e  size of bones concerned, b u t also on the  sort of 
frac tu re  (rotation, bending, shearing, avulsion), site of fractu re (diaphyse­
al, m etaphyseal, ex tra -articu la r or in tra-articu lar), type of frac tu re  (direct 
or indirect, closed or open), and on th e  age and general physical condition 
of the  injured.
* All page a n d  figu re  num bers  m en tioned  in th e  te x t  refer to  th e  12/13th  G erm an 
ed ition  o f  m y  book: Technik  der Knochenbruchbehandlung; to  th e  su p p lem en t volum e 
o f  th e  12/13th G erm an ed ition ; 3 rd  volum e o f 9 / l l t h  G erm an ed ition  o f  D ie M a r k ­
nagelung nach K üntscher; to  th e  5 th  E nglish  ed ition  o f m y  Treatm ent o f fractures, o r 
to  o th e r  tra n s la tio n s  o f  m y  books.
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In  practice we have observed th a t the  younger the  p a tien t and  the  b e tte r  
the  blood supply of the  bone segm ent, the  more rap id  callus form ation is 
obtained. F ractu res of th e  m etaphysis usually heal more rap id ly  th an  
diaphyseal fractures. In  cases of closed fractures, extensive stripping of the  
periosteum  occurs which very  soon brings abou t a strong subperiosteal 
callus (Figs 1/793 to  800). Com m inuted fractures also heal quickly if  no 
distraction  is applied, and  the  broken ends are compressed to  each other 
when required. Slow callus form ation occurs in  transverse fractures of the  
d istal th ird  of the  tib ia  and  ulna, even in those of the  m edian th irds. R epair 
o f a transverse fractu re  of the  tib ia  requires a period of 12 to  20 weeks 
and  th a t  of the u lna abou t 10 to  12 weeks, since the  m edullary cavities 
o f these bones are only slightly opened and th e  periosteum  is to rn  trans- 
versally w ithout being stripped from  the  bone, and all the  capillaries 
running along the  H aversian  canals are rup tu red . In  ad d ition , the  ventra l 
m edial sides of th e  tib ia  are uncovered by  muscles. Poor blood supply 
often  m anifests itself in  tum ours of th e  leg.
Moreover, in isolated fractures of the tib ia , the  fibula acts as a locking 
bone, ju st as the  radius does in u lnar fractures. In  such cases compression of 
th e  fractu red  bone ends following resorption of th e  necrotized bone surfaces 
is inhibited. Series of roentgenogram s dem onstrate th a t  callus form ation 
usually begins only on the  la teral and  dorsal side, while bone resorption 
proceeds on the  ven tra l and  m edial sides (Figs 1/294 to  301). Transverse 
fractures of the th igh  and  upper arm  (Suppl. Vol. Figs 4291 to  4303) also 
heal rapidly, provided th ey  are no t subjected to  excessive trac tio n  and  the  
bones have a chance to  shorten  by some millimetres, since th ey  are su rround­
ed on all sides by muscles.
P rim ary bone healing. As has been shown by  Schenk and  Willenegger, 
fractures of the  shaft m ay likewise heal w ithout visible calluses, and  the  
vessels of one fragm ent can grow in to  the  o ther w ithout resorption of the  
fractu re  surfaces and visible callus form ation, ju st as we have long ago 
observed in fractures of th e  scaphoid and  those of the  femoral neck.
General causes of delayed callus formation and pseudarthrosis. Tuberculosis, 
osteom alacia, rickets, etc. can have a delaying effect on callus form ation, 
though no t inhibiting it  altogether.
Influence of hunger, cold and epidemics on callus formation. We have 
often  heard  and  read  th a t  callus form ation can be delayed or inh ib ited  by 
starva tion , m alnutrition , v itam in deficiency, cold and  infectious diseases. 
This, in fact, occurs if  these unfavourable circum stances last for m onths. 
Influences of shorter duration  have no effect w hatever on callus form ation, 
as has been dem onstrated  in the  following mass experim ent. In  the  w inter 
and  early spring of 1944, Germ an troops had to  re tire  from  R ussia under 
the  m ost adverse circum stances. The wounded soldiers were lying in cold 
m elting snow, badly  splinted or n o t p u t in splints a t all, un til th ey  were 
carried to  th e  nearest dressing station . Sometimes it took several days to  
get to  a collecting sta tion  where usually good transporting  plaster casts 
were applied. So th ey  arrived to  Vienna afte r a long journey, frequen tly  
a t  the end of the  th ird  or fourth  week. Their food supply was often insuffi­
cient and m any of them  suffered of diarrhoea. In  spite of all th is, in th e  m a­
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jo rity  of th e  cases the  roentgenogram s taken  a fte r th ree weeks displayed 
good callus form ation (Suppl. Vol. Fig. 4316). These fractures healed by 
shortening as th ey  had  no t been subjected to  distraction.
In  the  previous years an  exceptionally great num ber of p a tien ts  w ith 
greatly  delayed callus form ation or pseudarthrosis were brough t to  our 
hospital (Suppl. Vol. Fig. 4317, and  Die Marknagelung nach Küntscher, 
Figs 3351 to  3419), who had been trea ted  in  well-equipped hospitals by 
prolonged trac tio n  applying heavy weights, or by small, im properly applied 
p laster casts on th e  chest and  upper arm  (Fig. I/734h). These p a tien ts  had  
been lying in  good beds, had been well nursed and well nourished and th ey  
did  no t suffer of cold. Y et, th e ir callus form ation was no t satisfactory  
because in m ost of the cases the  bone fragm ents were d istracted  bringing 
abou t a diastasis between th e  fragm ents.
These results observed in ten  thousands of fractures seem to  furnish clear 
evidence th a t  rap id  callus form ation m ay occur even under unfavourable 
circum stances, if  fractu re healing takes place by shortening of the  broken 
bone and no callus form ation occurs if d istraction  is applied by  which a 
diastasis arises between the  fractu red  ends.
Local disturbances in  the fracture site usually bring about disturbed callus 
formation and pseudarthrosis. We shall no t discuss here the  local diseases 
of the  bone (m etastases of carcinom a, sarcom a, gum m ae, osteom yelitis, etc.), 
b u t only th e  local d isturbances occurring in healthy  bone. These are most 
frequen tly  due to  deficient or inadequate trea tm en t.
The m ain causes of delayed callus form ation and pseudarthrosis m ay be 
enum erated  as follows:
1. Omission of m anipulative reduction or im m obilization of too  short 
du ra tion  in  in tra -a rticu lar fractures w ith displacem ent, as in various 
fractu res of the  fem oral neck and  of the  scaphoid;
2. Dislocation of the  fragm ents as a result of accidents, e.g. in fractures 
of the  patella, fibu lar head, in terna l ankle, olecranon, epicondylus 
lateralis, various apophyses (proc. coronoideus, proc. spinosus, proc. 
transversus etc.). D isplacem ents w ith lengthening of the  bone are 
rarely  encountered in shaft fractures ([1I]2 2434);
3. Inh ib ition  of pressure of the  fragm ents to  each other in fractures of 
the  forearm  or leg when only one bone is broken and the  o ther acts 
as a locking bone;
4. D istraction of the  fragm ents w ith a large gap between the  fractu red  
ends owing to  excessive trac tion ;
5. D istraction of the  fragm ents owing to  technically  deficient p laster 
cast w ith  double wires or double pins (transfixion);
6. D istraction of the  fragm ents due to  tennis racket bandage (D ie M ark­
nagelung nach Küntscher, Figs 3424 and  3425);
7. R em oval of callus-building m aterials and  inh ibition  of im paction 
of the  fragm ents in to  each o th e r in certain  kinds of osteosyntheses;
8. In terposition  of periosteum  betw een the  fragm ents, e.g. in fractures 
of the  inner ankle or fractu re  dislocation of th e  scaphoid;
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9. Massage and  passive m ovem ents applied im m ediately a fte r in ju ry  
in in tra -a rticu lar and  in  sh aft fractures;
10. Im m obilization of too short duration  or frequently  suspended im mobili­
zation by  repeated  a ttem p ts  of reduction;
11. Com m inution of open fractures;
12. Infection of fractu re sites.
1. Synovial fluid was previously believed to  inhibit bony unification in 
pure intra-articular fractures as in  those of the  femoral neck or scaphoid, in 
which bo th  broken ends pene tra te  freely in th e  jo in t, as well as in fractures 
where only th e  fractu re  surfaces en ter th e  jo in t w ithout lying freely in it, 
e.g. w ith fractures of th e  patella, olecranon or fractu re  dislocations of the  
inner ankle. In  unim pacted fractures of the  fem oral neck and  those of the  
scaphoid, usually pseudarthrosis arises as a result of form erly em ployed 
trea tm en t of massage and passive m ovem ents (Figs 1/1261 to  1276 and 
I I / 1 1814 to  1869). In  such cases th e  blood supply of the  fragm ents is 
im paired, the  periosteum  is th in  and  they  are uncovered by  muscles. T here­
fore, callus form ation can only occur if  the  new vessels from  th e  spongious 
m edullary cavities of one of the  fragm ents grow in to  th e  o ther fragm ent 
(Figs 1/302 to  311, Primäre Knochenheilung). The slightest side m ovem ents 
of th e  fragm ents against each o ther m ust shear and destroy these newly form ­
ed vessels and  this, if  no adequate im m obilization is ensured, will lead to  
fu rth e r progress of resorption and absence of bony unification. P seu d arth ro ­
sis encountered in such fractures and  necrosis ensuing in fractures of the  
scaphoid can be avoided if  careful m anipulative reduction of the  fractu re  
is followed by  uninterrupted  im m obilization for a  prolonged tim e. In  such 
fractures blood supply is bad, th e  fragm ents being poorly vascularized. 
Therefore, im m obilization m ust be continued for a long tim e, nam ely in 
fractures of the  m edial femoral neck for 6 to  8 m onths, and  in fractures of 
th e  scajjhoid for abou t 6 to  10 weeks, and  sometimes even longer im m obili­
zation is required.
As to  th e  synovial fluid being n o t responsible for inh ibited  callus form a­
tion, th e  evidence obtained  from 130 cases in which follow-up exam inations 
were perform ed, seems to  be convincing. Of 130 cases of recently  operated  
femoral-neck fractures (Ender 1952), 121 (93%) and of 536 re-exam ined 
recent fractures of the  scaphoid ( Böhler et al. 1954), 557 (96-5%) healed by  
bony unification.
In  ankle fractu res in which th e  frac tu red  ends always pene tra te  in to  the  
spring-joint where th ey  are washed by the  synovial fluid, bony healing is 
usually  obtained, provided there  is no in terposition  of periosteum .
F rac tu res of the  radius in which th e  frac tu red  ends often pen e tra te  into 
th e  hand  jo in t always show bony healing ju st as the  m ajority  of o ther 
jo in t fractures.
2. F rac tu res of th e  patella, olecranon, fibular head and m edian epicondyle 
always heal by  bony unification, provided careful m anipulative reduction 
and  adequate osteosynthesis (possibly by wire su ture or transfixion) has 
been perform ed. The ex ten t of diastasis in pate llar and  olecranon fractures 
m arks th e  degree of in ju ry  of the  extensor apparatus.
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3. In  fractures of the  leg where only the  shin bone lias broken, delayed 
callus form ation m ay occur (II /2 Figs 2439 to  2442). B y osteotom y of the 
fibula th e  broken bone ends can be apposed and pressed to  each o ther by  
which a rap id  bony healing ensues (II/2 Figs 2443 to  2446).
4. The most frequent cause of delayed callus formation and pseudarthrosis 
is for the present the application of too heavy weights in  prolonged traction 
treatment. The farther the fragments are distracted and the longer the duration 
of traction, the more severe and lasting are the impairments due to excessive 
traction.
5. T ransfixion in  which tw o wires or tw o pins are used in addition  to  
p laster bandage, m ay cause delayed callus form ation and  pseudarthrosis 
if  prior to  th e  application o f p laster the  fragm ents were too strongly  d is­
trac ted .
6. Excessive d istraction  of the  fragm ents in tennis racket bandage also 
leads to  pseudarthrosis and dystrophy.
7. In  shaft fractures, especially in transverse fractures of th e  tib ia  and 
fibula, osteosynthesis is often  followed by pseudarthrosis because in such 
cases the  haem atom a and  o ther callus-building m aterials have been rem oved 
from  between th e  frac tu red  ends and because w ith m any operative t r e a t­
m ents, e.g. w ith  em ploym ent of p lates w ith  screws w ithout compression 
or when strong wire su tures are applied, the  fragm ents are p reven ted  from 
pressing to  each o ther which is necessary for healing. B y resorption of the 
frac tu red  ends a  gap arises between the  fragm ents (1/1051 to  1054). T he 
m edullary nail often  exerts a locking effect (Die Marknagelung nach 
Küntscher, Figs 3466 to  3475). Oxidizing m etal m ay cause considerable 
destruction  of the  bone, B ading to  pseudarthrosis ( I I / l  Figs 1798 to  1801). 
The danger of pseudarthrosis can be avoided if  fine bone grafts are used 
a t  th e  operation (Böhler 1950, 1955, Böhler and  R u p p  1952).
8. In terposition  of pieces of periosteum  in ankle fractures (11/2 Figs 
2710 and  2711) can be easily recognized by the  im perfect apposition of the  
inner ankle, though the  spring bone has been adequately  reduced. Here 
pseudarthrosis can only be prevented if  the  fragm ents are freed, th e  in te r­
posed periosteum  is rem oved and  adequate fixation  of the  ankle is ensured 
by  transfix ion  (II/2 Figs 2707 to  2716). I f  in dislocation fractures th e  frag ­
m ents of th e  scaphoid do no t lie in perfect apposition and the  resu ltan t 
large gap persists between the  broken ends, th e  frac tu re  site m ust be 
exposed and the  fragm ents of periosteum  and  capsule removed. Finally, 
im m obilization m ust be perform ed w ith  a fixing wire (I/Fig. 1228) or 
trac tio n  screw. P seudarthrosis as a resu lt of muscle in terposition  is rarely  
encountered and  usually  only in cases if  excessive trac tio n  has been applied 
(.Die Marknagelung nach Küntscher, Figs 3355 and  3356).
9. Massage and  passive m ovem ents p ractised  im m ediately a fte r in jury , 
as was frequen tly  done form erly, often resu lt in  delayed callus form ation 
and pseudarthrosis, especially in  fractures of th e  scaphoid and  femoral 
neck. F o rtunate ly , th is trea tm en t is now adays very  rarely  employed.
10. The dura tion  of im m obilization is often  too short due to  p rem ature 
rem oval of the  fixing bandages so th a t  th e  jo in t m ight be actively  exercised. 
The m ovem ents, however, occur a t the  frac tu re  site un til no sound union
70
has tak en  place. In  fractures near jo in ts which are surrounded by sho rt 
fibred muscles liable to  m yositis ossificans (subtrochanteric- and  pretroch- 
anteric fem oral fractures and fractures of the  elbow), too short im mobil­
ization w ith  trea tm en t of m assage and  passive m ovem ents inev itab ly  
leads to  ab undan t callus form ation, whereas adequate reduction  and 
u n in terrup ted  im m obilization of th e  broken fragm ents un til sound union 
has been achieved will always resu lt in  calluses of norm al size. In  inade­
quately  im mobilized la teral fractures of the  fem oral neck, ab u n d an t callus 
form ation s ta rtin g  from  the  periphery  of the  fragm ents and pseudarthrosis 
in itia ting  from  the  centre m ay be observed side by side.
11. Com m inution of open fractures results in defect pseudarthrosis. I f  in 
fractu res caused by  forced bending a wedge-shaped bone fragm ent has 
broken off which is th en  removed, no bony healing is achieved. In  W orld 
W ar I  m any fractures caused by  bullets were com m inuted. F rench surgeons 
adopted  in those tim es a very  radical m ethod of rem oving all bone splinters 
in  m ost bullet wounds and  jo in t injuries. According to  a statistica l account, of 
37,745 femoral fractures due to  bullet wounds am pu tation  had to  be 
perform ed in 10,908 cases (28-9%) on account of pseudarthrosis developed 
in the  frac tu re  sites.
12. Delayed callus form ation and  pseudarthrosis resulting from  infection 
can be avoided if  the  wound is freely excised and  skin closure is perform ed 
w ithout application of vascular ligatures and deep sutures, and  if  a fte r 
operative reduction an unpadded  plaster bandage is applied which m ust 
be im m ediately cut along to  the  last th read  of gauze. I f  the  wound becomes 
infected a fte r all, adequate draining m ust be ensured, otherw ise th e  bone 
splinters will be b a th ed  in pus and necrotize. The periosteum  will be 
detached from  the bone.
I f  the  sequestrated  bone lying between the  fragm ents is rem oved in 
tim e, rap id  bony healing frequently  ensues. Excessive trac tio n  is p a r tic ­
ularly  dam aging since it  m ay bring abou t recurrence of infection (D ie  
Marknagelung nach Küntscher, Figs. 3772 to  3383).
Delay and inhibition of callus formation due to vascular spasms. I f  by  
prolonged powerful trac tio n  or im perfect osteosynthesis d istraction  of the  
fragm ents occurs, compression of the  fractu re  ends being inhibited , vascular 
spasm s arises by which blood supply is im paired. In  case of excessive 
trac tio n  of long du ra tion  no t only local d isturbances b u t also severe 
vasom otoric im pairm ents occur leading to  dystrophy  of th e  whole limb 
(Sudeck). The signs of severe vascular d isturbances m ay be enum erated  
as follows.
R apid  decrease of the calcium content of bone causing pains (Fig. 4314). 
This is followed by: shrinkage, cornification and  glistening of th e  skin. The 
hands and legs involved become smaller even with adults (Fig. 4315). The 
limb becomes cyanotic and  cold. Tendency to swelling is frequent. Extensive 
atrophy of muscles occurs. Especially th e  sm all muscles of th e  foot become 
rap id ly  atrophied  and  shortened by which clawing of the  toes develops 
(Fig. 4315).
Shrinkage of ligaments w ith  subsequent stiffness of th e  joints. The p icture 
is sim ilar to  th a t  seen resulting from  m ilder forms of acute ischaem ia.
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Grossly excessive trac tio n  can frequently  result in paralysis of peroneal 
and  ischiatic nerves (D ie M arknagelung nach Klinischer, Figs 3372 to  3383).
In  open fractures, inaddition to  severely im paired blood flow, the  d is tu rb ­
ance caused in the  tissue by  excessive trac tion  of the  fragm ents m ay 
cause various com plications: strong inflam m ation  and  subsequent increased 
purulation, gravitation abscesses and  pushing out of fragments of sequestrated 
bone (D ie M arknagelung nach Küntscher, Fig. 3374) which were already 
in  th e  course of healing. Often coronary sequesters are seen a t bo th  broken 
ends (Fig. 4317).
I t  is of p a rticu la r im portance, therefore, to  be careful in applying p ro ­
longed trac tio n  to  old, open or infected fractures.
i f  th e  weights em ployed during trac tio n  trea tm e n t are only a little  too 
heavy and  th e  du ra tion  of trac tio n  is no t too long, only a delayed callus 
form ation will resu lt w ithou t o ther harm ful effects.
The im pairm ent of bone, especially pseudarthrosis, can often be avoided 
by  adequate surgical in tervention, b u t severe nu tritiona l d isturbances are 
usually  irreversible.
In  investigating th e  causes of pseudarthrosis in  cases where no p rim ary  
defects are concerned, i t  is usually found th a t  in such cases compression 
and necessary shortening of the  fragm ents have been inhibited during 
trea tm en t.
Experim ental investigation on callus-promoting substances. I t  would be 
m ost fo rtuna te  to  find  a m ateria l which would prom ote callus form ation. 
No such substances have been found so far, though m any have been 
recom m ended to  us.
In  experim ents on th e  effect of such substances it should be observed 
w hether, before or during adm in istration  of th e  substance in question, 
th e  bone fragm ents were shortened bv  compression or lengthened by  
d istraction  and  w hether young or old experim ental anim als were used. 
I t  is known th a t  th e  younger a bone, the  more rap id ly  i t  consolidates. 
On studying  large num bers of roentgenogram s of experim ental anim als 
and  of hum an beings to  dem onstrate the  effect of certain  substances 
prom oting callus form ation, I  have often observed persistent epiphyseal 
cartilage evidencing young age. So rap id  callus form ation ensued n o t as 
a resu lt of callus-form ing m aterial, b u t owing to  young age. As we know, 
callus form ation always occurs if the  bone had  been exposed to  a violent 
im pact causing fracture . If  bone is lengthened by trac tio n  or a diastasis 
is produced, no callus form ation ensues. On the o ther hand, if  shortening 
abou t 1 mm is p erm itted  or th e  broken ends are compressed, rap id  callus 
form ation occurs. In  the  m ajority  of fractures callus form ation can be 
evidenced roentgenologically, even th ree  weeks following in ju ry  (Fig. 4216). 
I t  is no t the  new callus-forming m aterial th a t  brings abou t rap id  callus 
form ation b u t shortening of th e  broken fragm ents.
From  the  foregoing it  m ay be s ta ted  th a t  pseudarthroses, in  the majority 
of the cases, are avoidable consequences of treatment and do not inevitably 
follow from  accidental injury.
The question is how can we p reven t failure of callus form ation and  
pseudarthrosis. This can be achieved if  we avoid the  causes enum erated
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above, in particu la r the  d istraction  of the  fragm ents w hether by grossly 
excessive trac tio n  or inadequately  perform ed osteosynthesis.
Since th e  incidence of pseudarthrosis is still ra th e r high, teaching and 
organization of trau m atic  surgery should be fu rth e r im proved.
W hat a ttitu d e  should the  practical surgeon adopt w ith respect to  callus- 
prom oting m aterial ? Since these m aterials, according to  my experience, 
are ineffective, they  should not be prescribed for the  patien ts. I  have often 
asked m y patien ts which of th e  num erous callus-forming m aterials do 
th ey  wish to  take. W hen I  inform ed them  of m y experience th a t I  have 
never seen any  good effect of such m aterials on fractu re healing b u t very  
often  stom ach disturbance was the  only result obtained, th ey  renounced 
to  take  them . We hope th a t  the  proceedings of the  next few days when 
th e  new est results of researches will be reported , we shall get nearer to  our 
aim , i.e. to  find a m ateria l th a t  would indeed prom ote callus form ation 
and  would accelerate the  healing of fractures.
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T h e  c l in ic a l  and radiological observations m ade in connection w ith  the 
healing of fractures trea ted  according to  th e  principle of stable osteo­
synthesis have raised a great m any new basic-research problem s (see details 
by  Segmiiller 1966). C ertainly the  m ost intriguing of these is the  problem  
o f so-called prim ary fracture healing. This process, which to  all in ten ts and 
purposes consists in healing w ithout radiological evidence of callus form ation, 
was p ropagated  by  D anis (1949) under the  nam e ‘soudure autogene’ (au to ­
genous weld) as being the ideal mode of healing in shaft fractures. I f  we 
have op ted  for the  te rm  ‘p rim ary  fractu re  healing’, then  we have done so 
sim ply by  analogy w ith  the  accepted expression 'healing per prim am  
intentionem  , which is used in surgery and pathological anatom y. The main 
criterion in th is form of healing is the  absence of scar form ation. Scarring 
m ay be described as th e  replacem ent of a defect or the  resto ration  of 
con tinu ity  w ithin highly d ifferentiated  tissue by  a more prim itive form 
o f tissue. Fundam entally , however, callus is no more and  no less th an  a 
ty p e  of scar. These considerations prom pted  Lane, as long ago as 1914, 
to  speak of healing per prim am  intentionem  when fragm ents were re-united 
d irectly  by  an  osseous bond. On the  o ther hand, osteosynthesis involving 
the  form ation of a callus of connective tissue or cartilage such as is generally 
found in fractures trea ted  by  conservative im m obilisation m ethods is 
regarded as healing per secundam intentionem. W hile observations relating 
to  th e  histom orphological processes associated w ith secondary fractu re  
healing were abundan t, the  histological p a tte rn  of p rim ary  bone healing 
still rem ained more or less obscure. Consequently, the  elucidation of these 
processes became a m atte r of considerable urgency.
Investigations and  hypotheses stressing th e  im portance of a connection 
between m echanical stress and the  d ifferentiation of susten tacu lar tissue have 
m ade a  decisive contribution tow ards the  understanding of prim ary  and se­
condary frac tu re  healing. In  1937, in his book on osteogenesis, K rom pecher 
analysed th e  processes of foetal ossification in relation to  local mechanical con­
ditions and  coined the  phrase 'p rim ary  angiogenic ossification,’ the  full im pli­
cations of which were no t recognized un til m any years later. This process, 
which probably  represents the  m ost ra tional form of ossification, occurs only 
in the  absence of m echanical stress. I f  the cells capable of forming bone 
are subjected to  tensile or compressive stress, th ey  d ifferentiate instead  to
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form connective-tissue fibres and cartilage. U nder the  protection of this 
in term ediate susten tacu lar tissue the  deposition of osseous substance can 
proceed by w ay of desm al and endochondral ossification. P rim ary  angiogenic 
ossification, however, involves y e t another, no less significant characteristic, 
nam ely th a t  osteoblasts can function only in  the  presence of an adequate 
capillary netw ork. These highly d ifferen tiated  cells can m ain tain  the  
energetically selective m etabolism  necessary for th e  form ation of bone 
m atrix  and exert an influence on the  process of m ineralization only if  they  
are in d irect contact w ith capillary blood vessels. The im plications w ith 
regard  to  frac tu re  healing were recognized and studied experim entally  by 
K rom pecher: he found th a t  flexibly fixed fractures exposed to  tensile or 
compressive stresses consolidated w ith  a fibrous or cartilaginous callus; 
yet the  degree of stab ility  which could be achieved w ith the aid of a fixateur 
externe (external fixation clamp) proved inadequate to  guarantee a prim ary 
bone union. On th e  basis of sim ilar experim ents, m any other au thors la ter 
arrived  a t the  conclusion th a t  a p rim ary  bone union between the  fragm ents 
could be achieved provided th e  fixation of the  fractu re was sufficiently 
rigid (A ltm ann 1950; H asche-K liinder and  Gelbke 1952; M atzen 1952, 
1954; O berdahlhoff 1948). As operative techniques im proved, i t  became 
more and  more apparen t th a t  the  ex ten t of callus form ation was d ic ta ted  
by the  stab ility  of the  fixation; th e  more com plete th e  immobilization, 
the  less callus developed (Yamagishi and  Y oshim ura 1955). Friedenberg 
and  F rench  (1952), B agbv and Hanes (1958), Petrokov (1962) and others 
successfully dem onstrated  th a t  fragm ents subjected  to  compression were 
more rapidly  reunited  by  an  osseus bo n d —a fact which can certain ly  be 
explained, in retrospect, in term s of im proved ad ap ta tio n  and  fixation 
techniques. However, the high degree of sensitiv ity  w ith which th e  blastem a 
capable of giving rise to  osseous regeneration reacts to  m echanical stresses 
d id  not become app aren t un til experim ents w ith th e  object of producing 
prim ary healing of a shaft fractu re w ithout radiological evidence of callus 
form ation were undertaken .
P relim inary  trials in sheep (Willenegger e t al. 1962) a t first did n o t yield 
the  desired results, because these an im als—in common with rabb its and 
some other m am m als—differ from  m an as regards the  stru c tu re  and 
developm ent of th e ir cortical bone. E xperim ents in th e  dog, on th e  o ther 
hand, prom ised to  be m ore successful.*
The s tan d ard  experim ent, shown diagram m atically  in Fig, 1, was finally 
devised to  su it our requirem ents. F o r technical reasons the  radius was 
chosen as th e  site. The only w ay to  ensure th a t  the  conditions would be 
reproducible was to  base th e  experim ents on a transverse osteotom y per­
form ed w ith  a fine saw; otherwise, the  operative procedure corresponds 
exactly  the  m ethod of in terna l fixation  w ith the  aid of compression plates 
practised in m an. The use of a specially designed compression device p e r­
m itted  the  compressive force exerted  on the  fragm ents to  be m easured 
w ith a reasonable degree of accuracy. The anatom ical shape of th e  rad ius
* These ex p erim en ts  w ere su p p o rted  b y  th e  F r itz  H o ffm an n -L a  R oche F oundation  
for th e  P ro m o tio n  o f  Scientific  G roup  S tud ies in  S w itzerland .
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F ig . 1. D iag ram  show ­
ing  th e  o p era tiv e  
p rocedure  ad o p ted  in 
th e  s tan d a rd iz ed  e x ­
p e rim en t on th e  dog 
rad iu s, (a) Screw ing 
o f  th e  p la te  to  th e  
d is ta l f rag m en t (saw  
osteotomy); (b) A ttach ­
m en t o f th e  com ­
pression device, re d u c ­
tion  o f  th e  frac tu re , 
an d  com pression; (c) 
F in a l f ix a tio n ; com ­
pression device r e ­
m oved
— C B 5-------
in the  dog proved to  be ano ther factor of considerable significance for th e  
in te rp re ta tio n  of the  findings; the  convex curvatu re on th e  dorsal aspect 
is v irtually  elim inated when the  p la te  is screwed in position and  the fractu re  
gap consequently assumes a slightly  cuneiform  shape. The pressure required  
to  compress the  fragm ents is, thus, concentrated  entirely  on the  cortical 
bone directly  under the  plate. The decisive findings relating to  one instance 
of p rim ary  healing in th e  dog radius are sum m arized in Fig. 2: radiological 
signs of periosteal callus form ation can be seen only along th e  m argins of 
th e  p la te  and  around th e  ends of the  screws. The dem arcation line between 
th e  tw o fragm ents, which was in itially  clearly visible, disappears w ithin 
5-8 weeks. A longitudinal section of the  area shown in th e  X -ray  pho to ­
graphs (Fig. 2) reveals m arked endosteal and  slight periosteal callus fo r­
m ation around  the  th read  of the screw a t the  righ t-hand  edge of th e  p rep ­
aration ; th e  screw is, as it  were 'em bedded in bone’ (W agner 1963). The 
osteotom y gap, on the  o ther hand, has been replaced by bone, and  no signi­
fican t thickening of the  cortex as a resu lt of periosteal and endosteal bone 
deposition has taken  place. F u rth e r m agnification reveals the  differences 
in the  histological healing p a tte rn  due to  th e  wedge-shaped deform ation 
of the  fractu re  gap. D irectly  below the  p la te  (Fig. 2c) th e  ends of the 
fragm ents have been tig h tly  compressed and  the  osteotom y gap has been 
reduced to  an  extrem ely fine line, in to  which neither cells nor blood vessels 
can penetra te . Consolidation a t these points takes place by  w ay of very  
slight endosteal and  periosteal deposition a n d —a point to  which we 
a ttach  great significance—the regeneration of H aversian  system s, which
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I:1 IG. 2. P r im a ry  hea lin g  a f te r  tran sv e rse  o steo to m y  o f th e  dog rad iu s . N on-deealcified  
lo n g itu d in a l section  s ta in ed  w ith  fuchsine (K rom pecher-F ros t). (a) X -ray  p h o to ­
g rap h s  ta k e n  a f te r  th e  op e ra tio n  an d  5 and  8 w eeks la te r , by  w hich tim e  th e  gap  has 
closed w ith o u t v isible ev idence of callus fo rm a tio n ; (b) L ens m agn ifica tion  o f a  long i­
tu d in a l section  th ro u g h  th e  sam e rad iu s. M assive ossification  a ro u n d  th e  th read  
of th e  screw  visible on th e  rig h t. C losure of th e  o steo tom y  gap  w ith  on ly  s lig h t perio stea l 
an d  en dostea l invo lvem en t; (c) Section  from  th e  co rtex  im m ed ia te ly  below  th e  p la te . 
The frag m en ts  a re  in d irec t c o n ta c t an d  o n ly  a  fine  v e rtica l line b e tra y s  th e  presence 
o f  th e  o steo to m y  gap . D a rk ly  s ta in ed  reg en era tin g  osteons th a t  have  grow n across 
from  one frag m en t in to  the  o th e r can  be seen; (d) On th e  o p p o site  side the  opera tio n  
left a  s lig h tly  w ider gap  (cf. X -ra y  p h o to g rap h  and  F ig . 1). T his w as closed b y  p rim ary  
regenera ted  tissue and  p en e tra ted  by  regenera ted  osteons
grow across the  gap from  one fragm ent in to  the other. On the  side opposite 
the  p la te  the  ends of the fragm ents rem ained separated  by a narrow  gap 
a fte r the  operation (Fig. 2d). This is first filled bv bone; the  regenerated 
tissue, however, still displays an  unorganized structu re . N ot until th e  gap 
has been closed in th is w ay can regenerating osteons restore th e  original 
s tru c tu re  of the  cortical bone and, thus, finally  consolidate the  bond be­
tween th e  two fragm ents.
In  a series of dogs sacrificed a t in tervals of one week we have successfully 
dem onstrated  the  chronological order of the  stages of these processes (Schenk 
and  W illenegger 1963, 1964, 1965). Briefly, i t  m ay be said th a t  blood 
vessels and  accom panying osteoblasts en ter the  open fractu re gap already 
during  th e  firs t week. P rovided th e  fixation is absolutely stable, they  
begin to  deposit fresh bone on the  exposed ends of the  fragm ents and, 
thus, repair th e  defect. To fill th is gap, which is 1 mm a t the  widest, 2-3
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weeks are required. Roughly a t the  same tim e active reconstruction m arked 
by greatly  intensified regeneration of the  H aversian system s begins w ithin 
th e  cortical bone in th e  vicinity  of the  site o f osteotom y. I t  has lone been 
known th a t  osteons constan tly  undergo a process of regeneration. W ith 
th e  aid  of m icroradiography, au torad iography and above all the  technique 
of tetracycline labelling, various au thors have calculated the  in tensity  of 
this process. The figures of Am prino and M arotti (1964) as well as of M arotti 
(1961) for the  bones of th e  extrem ities in th e  dog deserve special m ention; 
these au thors found th a t  the ra te  of physiological regeneration in the  radius 
am ounted  to  between 2% and 5%  of the  to ta l num ber of osteons. All 
these investigations are based on transverse fractures. How rew arding the 
investigation of osteon regeneration in longitudinal sections would be was 
no t fully realized un til studies of fractu re healing were undertaken . We 
believe th a t  this mode of regeneration is the  m ost characteristic feature 
of prim ary  fractu re healing. I f  cortical bone does, in fact, possess regenerative 
powers, these can only be im plem ented by w ay of osteon regeneration, 
which in tu rn  functions only in the  presence o f an adequate capillary 
netw ork. F rac tu re  or osteotom y inevitably  involves the  severing of blood 
vessels and  the  developm ent of haem atom as and localized throm boses. 
W ithin  a  circum scribed zone around the  ends of the  fragm ents, the  size 
of which depends on a num ber of secondary factors, th e  osteocytes in the 
walls of osteons affected by th e  circulatory  disorder die. This does not 
mean, however, th a t  the  bone substance is destroyed; it can fulfill its 
sta tic  function perfectly, even in the  devitalized sta te . The destruction 
of the  cells in itiates a process of regeneration, th e  active elem ents of which 
are th e  surviving vessels and  m esenchym al cells in the  H aversian  canals. 
Since th e  H aversian vessels are supplied by  the  periosteal and  endosteal 
arteries v ia num erous anastom oses, the  s ta te  of the  vascular netw ork in 
th e  m edullary space and  in the regions around the  bone plays an im p o rtan t 
part. H aversian regeneration invariab ly  begins w ith resorption. Groups of 
osteoclasts un ite  to  form a kind of ‘cu tte r-head ’, which moves forw ard 
through  the  cortex boring ou t a resorption canal (Fig. 3a). The rou te taken 
by these advancing osteoclasts is apparen tly  determ ined by the  original 
s tru c tu re  of the  cortical bone. They do not necessarily m ake th e ir way 
along deserted  H aversian canals, and  frequently  branch  off a t acute 
angles. The possibility th a t  in ternal stress in the  com pact bone substance 
influences the  course of these resorption canals cannot be excluded. Up to  
the  present, however, th is question has not been clarified experim entally. 
Nevertheless, i t  is th is resorption th a t  finally determ ines bo th  the  direction 
and  the  d iam eter of the  regenerated osteon.
The osteoclasts are followed directly  by  blastem a rich in cells, which 
forms a k ind  of sleeve around centrally  situated  blood vessels. These 
m esenchym al cells give rise to  generations of osteoblasts, which line the  
walls of the  resorption canal w ith an epithelium -like layer (Fig. 3b). They be­
gin to  deposit new bone lamellae, which reduce concentrically the lum en of 
the  canal. The form ation of a new osteon is estim ated  to  tak e  5-6 weeks in 
the  dog and roughly 3 m onths in m an. During this tim e, however, th e  
osteoblastic ‘cu tter-head ’ is steadily  pushing forwards. U nder favourable
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F ig . 3. L o n g itu d in a l re­
g enera tion  o f  osteons as 
seen in  non-decalcified 
lo n g itud ina l an d  tr a n s ­
verse sections:(a) Fuchsine 
s ta in in g . O steoclasts at. 
closed end w ith  o s teo ­
b las ts  and th e ir  p recursors 
b eh ind ; (b) T hin  section, 
5 //. G oldner sta in in g . O s­
teoclasts, o steo b lasts  and 
c en tra l blood vessels.T his 
s ta in  m akes th e  osteoid 
ap p e a r  red d ish  brow n, 
the calcified bone m a trix , 
g reen ;
conditions the  ra te  of progress can be determ ined. This is m ade possible 
by th e  technique of tetracycline labelling, an original exam ple of which 
can be seen in  Fig. 3c. Since its discovery by  Milch, Rail and Tobie in  1947, 
th is technique has come to  p lay an  indispensable p a r t in the  stu d y  of bone 
reconstruction. The underlying principle is th a t  te tracycline is stored in 
those p arts  of th e  bone substance th a t  are tak ing  p a rt in the  process of 
m ineralization a t th e  tim e of adm inistration. W hen the  date  of adm in istra ­
tion  is known, the  ra te  o f bone regeneration can be determ ined. The 
regenerating osteon shown in Fig. 3c was labelled ju st when it was about 
to  grow through  an ideally adap ted  section of the  osteotom y. W hen labelling 
is repeated  a t  fixed in tervals th e  ra te  of longitudinal progress of the  osteon 
(Fig. 3d) can be calculated. We have studied a  large num ber of osteons 
in  th is  respect and  have come to  the  conclusion th a t  an  osteoblastic ‘cutter- 
head’ moves forw ard a t a ra te  of 50-80 // in  24 hours. In  th is  way it is
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(c) O steon a f te r  t r a ­
versing  a n  o p tim ally  
a d a p te d  o steo tom y . T e t­
racycline  labelling  one 
w eek p rio r to  rem oval o f 
th e  m a te ria l causes lam e l­
la r  system s th e n  in  the 
process o f  ca lc ifica tion  
to  ap p e a r  yellow , (d) 
L o n g itu d in a l view  o f r e ­
g en era tin g  osteon follow ­
ing  tr ip le  labelling  w ith  
te tracy c lin e  a t  in te rv a ls  
o f  7 days. T he traces e re  
superim posed  like th e  
sections o f a  telescope. 
T he ra te  a t  w hich th e  
osteon  adv an ces can be 
ca lcu la ted  from  th e  d is­
tances be tw een  th e  le a d ­
in g  edges o f these traces  
(cf. tex t)
possible to  show how fragm ents are reunited  when th e ir surfaces, following 
reduction and  fixation, are in  d irect contact (Fig. 2c). The regenerating 
osteons bore their w ay like wood-worms from  one fragm ent in to  th e  o ther 
and  unite  the  two pieces w ith a  so rt of m ortise-joint. The advantage of 
th is mode of healing is th a t  the  restoration  of the  original s tru c tu re  of the  
cortex begins a t once. Subsequent reconstruction such as constitu tes the 
final phase in classical frac tu re  healing becomes unnecessary. Of course, 
th e  stab ility  of such a  bond depends largely on how m any osteons tak e  
p a r t  in  th is process of regeneration w ith in  a  reasonable period of tim e. 
Our experim ents in the  dog radius yielded valuable inform ation in also 
th is respect. In  th is case our calculations have been based no t on longitudinal 
sections b u t on transverse sections tak en  from  the  osteotom y a t various 
intervals. H ere again tetracycline labelling affords the  assessing of the 
H aversian regeneration quan tita tively . Achrom ycin was adm inistered to  
th e  operated  anim als a t  in tervals of 14 days. The osteons tak ing  p a r t  in
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the  process of m ineralization during these periods were thus m arked once, 
twice, or th ree  tim es. W ithin 8 weeks of th e  osteotom y abou t tw o th irds 
of the  osteons underw ent regeneration. R econstruction begins during the  
th ird  week a fte r th e  osteotom y, reaches its m axim um  in ten sity  between 
th e  4 th  and 6th  week and  th ereafte r gradually  subsides. However, i t  m ay 
be assum ed th a t  adequate stab ility  will be achieved as soon as 2 m onths 
a fte r th e  operation.
The principle features of prim ary  bone healing m ay be sum m arized as 
follows:
1. I f  fixation  is rigid, prim ary bone union takes place in in terfragm ental 
gaps;
2. R esorption of the  fragm ent ends leading to  widening of th e  in te r­
fragm ental gap either does not occur or does so only to  a negligible 
ex ten t;
3. The inevitable devitalization of the  fragm ents gives rise to  intensive 
regeneration of the  H aversian system s. The resorption canals extend 
along the  longitudinal axis of the  cortex and  finally pass through 
the  line of fracture;
4. A t points where the  fragm ent ends are in d irect contact, consolidation 
takes place alm ost exclusively by way of regenerating H aversian 
system s.
MORPHOLOGICAL FINDINGS IN HUMANS
Our experim ental investigations have also served to  confirm  another 
clinical finding, nam ely th a t  th e  operative trea tm en t of fractu res makes 
colossal dem ands on the  surgeon. P rim ary  bone healing can only be achieved 
as th e  result of a  biom echanically well-conceived plan of trea tm en t, which 
is carried ou t w ith  scrupulous a tten tio n  to  asepsis, the  u tm ost care in 
dealing w ith surrounding tissues, and  th e  necessary degree of technical 
understanding  and  dex terity . E ven th e  slightest error or compromise can 
jeopardise th e  success of th e  operation. Failures were inevitable even in 
our experim ents in the  dog. Some of them  illustra te  vividly th e  histological 
consequences of typ ical com plications. The greatest risk involved in the 
open trea tm en t of fractures rem ains infection. We were surprised to  d is­
cover radiological and  histological evidence of inflam m atory  reactions even 
in free-m oving anim als which apparen tly  behaved in a  com pletely norm al 
w ay and  in which there were no perceptible signs of complications. A part 
from  leukocytic in filtration , th e  m ost im pressive featu re observed in  these 
cases was an  ex trao rd inary  increase in osteoclastic ac tiv ity  (Fig. 4). R esorp­
tion  m ainly involves th e  devitalized ends of th e  fragm ents and  is m arked 
by  th e  widening of th e  fractu re  gap on the  X -ray  photograph (Fig. 4a). 
However, th is finding can rapidly  be obscured by pronounced callus for­
m ation (cf. X -ray  photographs tak en  a fte r 2 and 3 weeks). W hile th e  
osteoclastic break-dow n o f fragm ent ends is in progress, a genuine in flam ­
m ato ry  callus consisting of a com pact, excessively th ick  deposit of fibrous
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F ig . 4. R ad io log ica l and  h is to log ical find ings in  a  s ligh tly  in fec ted  o steo tom y  in  th e  
dog  rad iu s, (a) X -ray  p h o to g rap h s  ta k e n  a f te r  2 an d  3 w eeks. A fte r 2 w eeks th e  o s te ­
o to m y  gap  ap p ea rs  to  h ave  w idened; a f te r  3 w eeks th is  can  be seen less clearly  ow ing 
to  p ronounced  callus fo rm ation  in  th e  m ed u lla ry  space; (b) S trik ing  h isto log ical fea tu res  
a f te r  3 w eeks a re  th e  osteoclastic  re so rp tio n  o f the  w ell-adap ted  frag m en t ends and  
th e  very  ex ten s iv e  callus fo rm ation  in  th e  m ed u lla ry  space. R eco n stru c tio n  o f  th e  
co rtex  is ju s t beginning; (c) F u r th e r  m agn ifica tion  reveals th e  a c tiv ity  o f th e  o s te o ­
c las ts  a long  a  res idua l section  o f co rtica l bone, lead ing  to  rap id  re so rp tio n  o f th e  d e ­
v ita lized  frag m en t ends
bone forms in th e  m edullary space (Fig. 4b). Processes of resorption sim ilar 
to  those evident in  th e  vicin ity  of the  osteotom y take place around th e  
th rea d  of th e  screw. The p artia l loss of s tab ility  can be dem onstrated  
clearly when the  p la te  is exposed and  the  screw removed. This persists 
even a fte r the  in flam m atory  reaction has subsided, so th a t  th e  mechanical 
resu lt is com parable to  th a t  achieved in a  conservatively trea ted  fracture. 
The granulation tissue penetra ting  into th e  widened fractu re  gap is exposed 
to  mechanical stress which prevents it from  differentiating to  osseous 
tissue. Fig. 5a shows th e  radiological course of healing of an  osteotom y 
th a t  was accom panied by  a  clinically b land infection. Loosening and 
displacem ent of the  screw can be seen, especially on the  proxim al sides, 
and, in  addition, th e  dorsal aspect of th e  radius displays an increased degree 
of convex curvature. Histologically, despite extensive callus form ation, 
th e  osteotom y has no t consolidated a fte r 8 weeks (Fig. 5b). The fractu re 
gap visible on the  X -ray  photograph  is alm ost exclusively filled by  fibro- 
cartilage. Periosteal and  endosteal callus form ation is very  intensive, as 
is th e  H aversian  reconstruction w ithin th e  com pact bone. The fib rocar­
tilaginous disc in the  frac tu re  zone has prevented  the  osseus reunion of the  
fragm ents, except a t  a few points. Some tim e passes before th is cartilaginous
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F ig . 5. H ealing  o f a  su rg ically  tre a te d  o steo to m y  in  w hich an  in te rc u r re n t in fection  
gave  rise  to  loss o f s tab ility , (a) X -ra y  p h o to g rap h s ta k e n  a f te r  18 days, 5 an d  8 w eeks. 
N o te  how  th e  frac tu re  gap  is beg inn ing  to  w iden, an d  th e  loosening an d  d isp lacem en t 
o f th e  screw s in  th e  p ro x im al p o rtio n  of th e  bone. In  ad d itio n  to  th e  en d o stea l callus, 
c lea r-cu t perio stea l callus h as developed a n d  is in  the process o f b ridg ing  th e  fra c tu re  
gap , w hich is filled by  fib rocartilage; (b) G eneral view  o f an  ax ia l lo n g itu d in a l sec­
tion  em bedded  in  celloidin an d  s ta ined  w ith  D elafie ld’s h aem a to x y lin . N o tab le  fea­
tu re s  a re  th e  callus fo rm ation  an d  th e  in ten siv e  reco n s tru c tio n  going on w ith in  th e  
co m p ac t bone. T he in te rfrag m en ta l fib rocartilage  is d a rk ly  sta ined  an d  is g rad u a lly  
being rep laced  b y  fib rous bone as a re su lt o f en dochond ra l ossification
mass is resorbed as a resu lt of endochondral ossification and  is replaced 
by  trabeculae. N ot until th is  has tak en  place can functional reconstruction 
of th e  cortex and th e  break-dow n of periosteal and  endosteal callus begin.
These findings inv ite  com parative assessm ent of p rim ary  and  secondary 
frac tu re  healing. In  all fairness, however, i t  m ust be em phasized th a t all 
th e  cases described involved surgically trea ted  fractures. F rom  th e  his­
tological poin t of view, th e  economical p a tte rn  of p rim ary  fractu re  healing, 
leading as it  does directly  to  the  resto ration  of the  anatom ical and  functional 
s truc tu re , is m ost im pressive. Secondary healing, on th e  o ther hand proceeds 
in  a m ore roundabout fashion, more or less highly d ifferen tiated  sustentac- 
u lar tissues being form ed and  th en  replaced step  by  step. W hich way 
of healing achieves the  desired resu lt more rap id ly  is a  question th a t  has 
no t been settled  for the  tim e being.
Do th e  findings in  the  dog equally apply  to  m an? This question is one 
th a t  preoccupies our group very  m uch a t present. However, despite occasion­
al biopsy exam inations, no definitive answer has y e t been found. A short 
tim e ago we had  th e  o p portun ity  of studying the  tib ia  of a  17-year-old 
girl who died 14 weeks a fte r th e  surgical repair of th e  fracture*. The X -ray
* W e are  in d eb ted  to  D r. G. P id e rm an n  for h is en te rp rise  an d  to  P ro f. E . U ehlinger, 
D irec to r o f  th e  In s t i tu te  o f  P a tho log ica l A natom y , U n iv e rs ity  o f  Z urich , w ho p u t  
th e  m a te ria l a t  o u r disposal.
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Fig . 6. R ad io log ica l an d  histo logical find ings in a  surg ically  tre a te d  frac tu re  o f the  
tib ia  o f  a  17-year-old g irl w ho died 4 m o n th s  a f te r  th e  acc iden t, (a) R ad io log ica l f in d ­
ings a f te r  th e  acc iden t, follow ing surg ical fixa tion , G and  12 weeks la te r; (b) T ransverse  
section  th ro u g h  th e  tib ia . G eneral view  (cf. te x t) ; (c) F ra c tu re  gap  conso lida ted  by  
bony  tissue. T ow ards th e  m ed u lla ry  space a d a p ta tio n  w as perfec t; a  sligh t gap  re m a in ­
ed subperiostea lly ; (d) Section rem oved  from  a  frac tu re  gap  filled b y  lam ella r bone 
an d  d em o n s tra tin g  th e  deve lopm en t o f osteons, w hich ru n  perp en d icu la r to  th e  long i­
tu d in a l ax is. These a re  rep laced  la te r  b y  long itud inal o steons b u t p rove  th a t  th e  ossi­
fica tion  in  th e  open gap  h as ta k e n  place u n d e r com plete ly  s tab le  cond itions
photographs and some in teresting histological findings are shown in Fig. (5. 
A general view of a transverse section through  th e  tib ia  (Fig. 6a) reveals 
th e  conspicuously slight ex ten t of periosteal and  endosteal reaction. In  
contrast, in tensive H aversian  reconstruction is going on w ithin the com pact 
bone. This particu la r section provides a good basis for th e  assessm ent of 
the  processes involved, inasm uch as the  po in t of a  wedge-shaped fragm ent 
can be seen a t  the  an terio r edge of the  tib ia . This fragm ent is still largely 
devitalized and  its s tru c tu re  shows the  situation  as it  was prior to  the  
fracture. The narrow  canals in  the  inactive H aversian  system s con trast 
strik ingly  w ith  th e  enlarged, dark ly  stained  lum ina in the  osteons in  the  
rem aining area of com pact bone, which is in th e  process of reconstruction. 
The fractu re  gaps have already been filled by  osseous m aterial and  the  
regenerating H aversian  canals are already moving gradually  th rough  th is
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new tissue in to  the  devitalized fragm ent. Hence there  can be no doubt 
th a t  th e  frac tu re  considerably intensifies the  process o f H aversian  regener­
ation in  com pact bone, in m an as well as in the  dog.
The histological exam ination of th is  case gave us an  o p portun ity  also 
to  find  ou t w hat degree of anatom ical accuracy can be achieved in the 
reduction of a  fracture. The saw-cuts produced by osteotom y are, of course, 
no t com parable w ith  a n a tu ra l fracture. U pon microscopic exam ination 
we were, therefore, surprised to  discover fundam entally  the same p a tte rn  
as we had  already  observed in osteotom ies perform ed in the  dog. In  circum ­
scribed areas an  effective surface-to-surface reduction had been produced 
(Fig. 6c), although a t m ost points there  were slight gaps, usually less th an  
1 m m  wide. Gaps of th is order, however, are filled d irectly  by  bone under 
th e  stable conditions created  by  in ternal fixation. In  some places i t  could 
be shown th a t  p rim ary  lam ellar bone is deposited on the  fractu re  surfaces 
(Fig. 6d). This leads to  th e  developm ent of the  characteristic transverse 
osteons n o t in frequen tly  seen in  our experim ents w ith the  dog. There is, 
thus, no reason to  doub t th a t  the  histological criteria of p rim ary  healing 
inferred from  studies in the  dog are equally valid in hum an fractures. 
The findings described fully confirm the  hypothesis th a t  the  differentiation 
o f susten tacu lar tissue is very  largely influenced by m echanical factors.
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B R ID G IN G  OV ER OF L A R G E D IA PH Y SE A L  D E FE C T S
( C L I N I C A L  A N D  E X P E R I M E N T A L  R E S U L T S )
by
V. P e t r o k o v , E. V u k e l ic
SURGICAL CLINIC, UNIVERSITY MEDICAL SCHOOL, ZAGREB, YUGOSLAVIA
and
R . S c h e n k
DEPARTMENT OF ANATOMY, UNIVERSITY MEDICAL SCHOOL, BASLE, SWITZERLAND
I n  c a s e s  of m alignant tum ours th e  surgeon often has no o ther choice th an  
to  perform  am pu tation  of the  involved limb. W hen there  is a  benign b u t 
very  extensive bone tum our, th e  decision of th e  surgeon m ay be even 
more difficult. The destruction  of th e  supporting  bone m ay be so g reat th a t  
radical operation can be achieved only by resection of th e  diaphysis.
Among th e  m ost frequen tly  occurring benign tum ours are th e  osteochon­
drom as which destroy the  shafts of long bones bo th  in circumference and 
in length. B y a radical resection up  to  20 cm long defects can arise. Bridging 
over of such a large defect is illu stra ted  by one of our cases operated  in 1953.
The p a tien t (a m an aged 40) had  an enorm ous osteochondrom a in his 
hum erus. The circular destruction  of th e  diaphysis is dem onstrated  on th e  
roentgenogram  (Fig. 1). The only chance of cure was offered by  resection 
and  subsequent filling up  of th e  16 cm long defect b y  an  au toplastic  fibula 
tran sp lan ta tio n  according to  th e  principle of fibula pro humero. P ostopera­
tive trea tm e n t was carried ou t for four years on account of repeated  fractures 
of the  g ra ft (the firs t fractu re  occurred in sleep, the  second one when the  
p a tien t lean t on his elbow). Though the  end resu lt showed healing of the 
fibula (Fig. 2), its  resistance to  m echanical loading is still problem atic. 
Owing to  p artia l resorption, th e  fibula becam e th inner th an  originally.
Sim ilar extensive resorptive processes occurring in large cortical grafts 
have often  caused failure of our interventions.
In  ano ther case (a woman aged 20) resection was perform ed on account of 
osteoclastom a of the  u lna (Fig. 3) and  subsequent bridging over th e  8 cm 
long defect w ith cortical bone g raft. D uring th ree m onths of im m obilization 
in p laster, extensive resorption of th e  im plan ted  bone g ra ft occurred leading 
to  poor end resu lt (Fig. 4).
In  bone tum ours term ed  ‘sem i-m alignant’ by  Zollinger (1946), often 
extensive resection m ust be perform ed since final healing can be achieved 
only by  such radical surgical in tervention. This applies to  giant-cell tum ours, 
m ultinuclear fibrom as and  osteochondrom as.
P rim ary  m alignant bone tum ours, fibrosarcom as, chondrosarcom as, 
Ew ing’s sarcom as, etc. can also be healed by  resection, provided th ey  are 
recognized in  their earliest phase. B auer (1960) reported  a  case of fib rosar­
com a of th e  tib ia  operated  by  himself. A fter an  extensive resection, the 
defect was bridged over by fibu lar au to transp lan ta tion . The trea tm en t
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Fig. I. Osteochondroma of the humerus
F ig . 2. Sam e ease. A u to p las tic  fib u la  tr a n s ­
p la n ta tio n . Good h ea ling  b u t  poo r re s is t­
ance to  load ing
lasted for four years and  repeated  
bone graftings were needed be­
cause the  fibula alone was unable 
ot support loading. According to  
Hellner (1958, 1960, Hellner et al. 
1963), resection is possible in the  
fem ur or tib ia  in cases of osteo­
genic sarcom a, b u t the  filling up 
of th e  defect arisen following ex ­
cision of th e  tum our is technically 
im practicable. Therefore, th e  only 
chance of cure is afforded by  early  
am pu tation  w ith  preoperative and 
postoperative radiation.
U ndoubtedly , several sarcom as 
of th e  long bones have been defi­
n itely  cured by early  resection. We 
also have a follow-up case since 15 
years, when a 14 cm long tibial 
resection had to  be perform ed on 
account of osteochondro-sarcom a. 
Fourteen years ago the  defect was 
bridged over by  a  strong  cortical 
g ra ft b u t w ith bad  result. The 
bone g ra ft was gradually  resorbed 
leading to  the  developm ent of a 
fistu la  and finally  it had  to  be 
rem oved as a sequestrated  bone.
The necessity of resection cannot 
be questioned in benign and  semi- 
m alignant bone processes, since 
by th is operation th e  tum our 
disease can be cured. The recon­
struction  and  bridging over of the 
defect created  by  resection re ­
mains, however, an open technical 
problem  which is still to  be solved.
More th an  ten  years ago we 
have a ttem p ted  in th e  Clinic of 
Surgery in Zagreb to  bridge over 
shorter diaphyseal defects using 
preserved cylindrical compact cor­
tical bone. The hom ogenous grafts 
were kept in the  bone bank a t 
-  25 °C. In  all cases operated  in 
th is wav, a  very  slow postoperative 
bone grow th was observed asso­
ciated, however, with extensive
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osteolysis. The end results of 
these in terventions were m ostly 
unsatisfactory . A fter various con­
siderations we concluded th a t new 
technical m odalities m ust be devel­
oped in cases of massive bone 
tran sp lan ta tio n s .
In  1960 a young m an aged 20 
was operated  on because of a 
benign bone tum or in his right 
hum erus (Fig. 5). According to  
radiographic evidence it was an 
osteochondrom a which was la ter 
verified also histologically. Resec­
tion  was perform ed and th e  12 cm 
long defect was bridged over by 
im planting in  the  cav ity  a cylin- 
driform  tib ia l g ra ft of the  same 
length  (cold preserved). Since 
during th e  long period of bone 
reconstruction partia l resorption 
was to  be expected, we did not 
em ploy hum erus for g rafting  but 
tib ia  diaphysis because it is thick 
er th an  th e  hum erus. To facili­
ta te  bone grow th to  th e  graft.
abou t 25 holes were bored in the  cylinder-shaped bone with a drill 
4 mm dia. F ixa tion  was perform ed with a Rush pin (Fig. 6), and  a  postopera­
tiv e  abduction splint was applied for four m onths. Two years afte r opera­
tion  the  bone was firm lv consolidated. The m ovem ent of the shoulder
Fig. 3. Osteoclastoma of the ulna
F ig . 4. Sam e case. 
L e tt: b ridg ing  over 
o f the  defec t creat 
ed  a t  resect ion b y - 
a  co rtica l bone 
g ra f t. R ig h t: 3 
m o n th s la te r , r e ­
so rp tion  o f th e  
i m p lan ted  g ra f t .
P o o r end resu lt
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and elbow joints were norm al. The 
patien t, w ithou t our knowledge, re ­
commenced his tra in ing  as an am a­
teur boxer. Four years a fte r operation 
th e  excellent function was unchang­
ed. The radiograph (Fig. 7) shows 
th a t  the  bone g ra ft has fused w ith 
the  bone. I t  is no t so volum inous in 
size as four years ago owing to  partia l 
resorption, and  th e  thickness of the  
tib ial cylinder now corresponds to  
th a t  of a hum erus. Most of the  d rill­
ed holes are filled with cortical bone. 
A few holes persist unchanged. They 
presum ably  serve for th e  newly 
form ed vessels to  pene tra te  into the  
inside of the  bone. Percutaneous 
angiography of the  righ t brachial 
a r te ry  has also been perform ed. The 
radiographs were tak en  w ith in ternal 
and ex ternal ro ta tio n  of th e  arm  and 
with and w ithou t compression of the 
cubital a rte ry  (Figs 8 and 9). The ra- 
diographs show hypertrophy  of the  
aa. circumflexae humeri and  a special­
ly dense jieriosteal vascular network 
around the  graft. This hypervascularized area extends to  abou t half of the 
proxim al p a r t of th e  transp lan t. The superficial branches of the  m edial and 
radial parts  are som ewhat more volum inous, especially a t the  d istal end of the
F ig . 6. Sam e case. B ridging over o f  the defec t arisen  a f te r  resection  b y  a  p erfo ra ted  
tib ia l g ra f t. F ix a tio n  w ith  R u sh  pin
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F ig . 5. Osteochondroma o f the humerus
g ra ft.*The theoretical basis of such 
rapid fusion of very  long, perforated  
bone transplants has been described 
in num erous publications of Willen- 
egger (1964), B asset and  Creigh­
ton  (1962), Allgöwer et al. (1963),
A xhausen (1962) and  others. B y 
preservation in  cold, th e  cortical 
sp lin te r transform s in to  a hom eo­
sta tic  tran sp lan t which scarcely 
has any immune-biological ac tiv ity  
or grows quite indifferently  into 
the  host bone (W illenegger 1964).
We em ploy grafts only a fte r six 
m onths of p reservation  in  cold.
The im plan ted  dead cortical bone 
becomes slowly grown th rough 
by  osseous elem ents. I t  is rem ar­
kable how th e  invading mesen- 
chym a m akes use of th e  openings 
of th e  bone (W illenegger 1964).
Cancellous bone w ith its  in n u ­
m erable pores has long heen found 
to  be specially adap ted  for such 
purposes in clinical practice. The 
cortical bone on th e  o ther hand, is 
almost devoid of openings or ca­
nals, so th a t  th e  invading m esen­
chym e m ust firs t form an opening for itself. The cortical barriers are 
being a ttack ed  by  osteoclasts bringing abou t corrosions on the  m argins 
which are in itially  indiscernible on the  X -ray  picture. By histological 
exam ination, these lacunae contain new osteons and osteocvtes building 
p rim ary  lam ellar bone.
The cortical im p lan t is slowly grown through because the young mesen- 
chym a of th e  bed is n o t sufficiently strong to  break th rough the  cortical 
barriers. U nder unfavourable circum stances osteogenesis can be en tirely  
repressed by osteoclastic bone resorption. This is the  cause of the  poor 
results frequen tly  seen following such operative in terventions. Therefore, 
op tim al conditions m ust be ensured, i.e. perforating the  cortical im plan t, 
described above, by  which the  w ay for the  m esenchym a will be open. N ature 
alone cannot do th is w ithout our help. We m ust ensure the  sam e favourable 
conditions w ith  cortical bone im plan ts as are given w ith cancellous bone 
w ithout depressing its  m echanical function. The hom eostatic principle of 
th e  osteoconductor should by all m eans be respected.
On th e  basis of these considerations, a b e tte r  solution of th e  th e ra ­
peutical problem  of osteoclastom as of the  fem oral and tib ia l condyles
* I  w ish to  express m y  sincere th a n k s  to  P rof. G. G vozdanoviő and  D r. M. V idoviő 
for th e  rad iog raphs an d  perfo rm ance o f  ang iography .
F ig . 7. Sam e case. The bone g ra f t h as fused 
w ith  th e  bone. The drilled holes a re  filled 
w ith  co rtica l bone
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F ig . 8. Sam e c a se . P ercu - 
(aneous an g io g rap h y  o f  
th e  r ig h t b rach ia l a r te ry . 
1 n te rn a l ro ta tio n  o f th e  
a rm . C om pression of th e  
c u b ita l a r te ry
seems to  be available. 
The m ethods o f knee- 
jo in t resection, accord­
ing to  H ellner (1!)58, 
1960, Hellner e t al. 
1963), used so far, are 
no t sa tisfac to ry  either 
technically  or concern­
ing the  end results. In  
such prolonged proces­
ses it  would be preferable to  resect th e  whole knee jo in t (Fig. 10). A defect 
up to  15 cm in length  can be bridged over by a perforated  cylindriform  bone 
graft. A fter adequate perforation, m edullary  nailing is perform ed using a 
60 to  70 cm long K im tscher nail 14 to  16 m m  dia.
B asset and  Creighton (1962) experim entally  verified in dogs th a t  cold 
stored cortical bone of calf was m ore rap id ly  grown through  by osseous 
elem ents th an  an  autogenous cortical bone graft. Basset a ttr ib u te d  this 
to  th e  m uch broader capillary netw ork presen t in the  calf bone th an  in the  
dog. Therefore, he suggests th a t  lyophilized calf bone would give more 
satisfactory  results in m an th a n  does a homogenous graft.
Recently, K üpperm ann  and  Schwier (1964) advocated the  use of perfo­
ra ted  preserved cortical bone grafts. I n th e ir opinion if  perforated  grafts are 
used, th e  surface of contact w ith the bed is b roader and  so th e  grow th through
the holes is facilitated
without diminishing the 
s tab ility  of the  graft.
In com m inuted frac­
tures w ith larger d is­
located bone fragm ents 
devoid of periosteum , 
such a fragm ent can be 
regarded as an  au to ­
transp lan t, especially
F ig . 9. Sam e case. P e rcu ­
taneous an g io g rap h y  o f 
th e  r ig h t b rach ial a rte ry . 
K x ternal ro ta tio n  o f  th e  
a rm ; no com pression  o f 
th e  cu b ita l a r te ry
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F ig . 10. R esection  o f the 
w hole k n ee-jo in t and  
b rid g in g  o v er th e  defect by  
a  p e rfo ra ted  cy lind rifom i 
bone g ra f t. F ix a tio n  by  
m ed u lla ry  n a ilin g
when osteosynthesis is 
being carried out. The 
reduction o f such a 
bone fragm ent is no th ­
ing else th a n  an au to ­
genous transplantation.
Here, too, the condi­
tions o f th e  expected 
organization m ust be 
ensured. Each piece of 
cortical bone being 
longer th an  2 cm m ust 
first be perforated. In 
such cases as suggested 
by Müller et al. (1963) 
th e  cortical fragm ents 
m ust be rem oved and 
replaced prim arily  by 
spongious bone grafts.
( )ur encouraging clin­
ical experience with 
perforated transp lan ts 
and  the ra th e r unclari­
fied experim ental d a ta  
prom pted  us to  p e r­
form experim ents in 
order to  elucidate certain  questions, 
ing points:
We wished to  investigate the  follow-
1. The ex ten t to  which the  m esenchym a of th e  g ra ft bed resorbs the  im ­
p lan ted  cylinder-shaped homogenous graft;
2. The existing conditions of osteogenesis here;
3. W hether the  relation osteogenesis—osteolysis changes w ith perforated  
grafts;
4. W hether the perfo rated  bone g ra ft is advantageous.
The experim ents were carried  o u t on dogs using the  following m ethods. 
In  a series of dogs a 6 cm long resection was produced in th e  diaphysis 
of the  radius.
The diaphyseal defect was filled up w ith  a preserved hom ogenous g ra ft of 
identical size.
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F ig . 11. T ra n sp la n ta tio n  
w ith  p e rfo ra ted  com pact 
bone g ra f t in  dog; 79 
d ay s a f te r  o p era tio n . No 
osteo lysis is visible; th e  
g ra f t is firm ly  fixed to  
th e  liv ing  bone
F ig. 12. Sam e case. Cross- 
section  from  th e  prox im al 
th ird  o f th e  g ra f t. New 
osteons h ave  grow n in  th e  
com pac t bone. R e v ita l­
iza tion  in itia te s  th ro u g h  
th e  holes sp read ing  to  th e  
in n er side o f  th e  g ra f t
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i'ic;. 13. P o rtio n  o f th e  
sam e section  show n in  
F ig . 12 w ith  g rea te r 
m agn ifica tion
F ig . 14. T ran sp lan ta tio n  
w ith  u n p e rfo ra ted  com ­
p a c t bone g ra f t in  dog; 
79 d ay s a f te r  opera tion  
in ten siv e  osteolysis, r e ­
so rp tion  an d  d e s tru c tio n  
o f th e  graft
F ig . 15. G ross ana tom ica l 
specim en o f  a p e rfo ra ted  
g ra f t; 34 d ay s a f te r  tr a n s ­
p la n ta tio n  ii rm ly  fixed 
m esenchym al w a rts  in 
each hole
F ig . 16. Sam e case a s  in  
F ig . 15. H isto log ica l p re ­
p a ra tio n  show ing som e 
p e rip h e ra l lacunae  filled 
u p  w ith  b o n y  regenera te
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P reservation a t  — 25 °C of th e  bone used for g rafting  m ust last a t least 
six m onths.
F ixa tion  of th e  g ra ft was m ade w ith  a R ush pin.
The leg was splin ted  for four weeks. In  one group of dogs com pact bone 
grafts were used, while in ano ther th e  tran sp lan ts  were perforated.
The dogs were sacrificed in pairs. The dissected m aterial was exam ined 
by  gross anatom ical inspection, radiography and  microscopical exam ination 
of histological preparations. For technical reasons (disease of dogs) the  an a ­
lysis of only 5 dogs was possible.
According to  th e  results obtained from  these experim ent the  following 
conclusions can be draw n:
(a) th e  perforated  tran sp lan ts  are affected by resorptive and  osteolytic 
processes to  a m uch sm aller ex ten t th an  the  unperfo rated  ones;
(b) the  surface of contact of the  tran sp lan t w ith the  invading m esenchym a 
is considerably increased by  the  holes drilled in  th e  bone. The m esen­
chym al w arts pen e tra te  as roots in to  the  bone;
(c) w ith com pact g rafts osteolysis is accelerated and more intensive th an  
osteogenesis. The s tab ility  of the  tran sp lan ts  is considerably diminished.
We wish to  present some figures to  illustra te  the  results obtained  in our 
experim ents.
Dog ATo. 1. T ransp lan ta tion  with perforated  com pact bone g raft. W ound 
healed by  first in tention. The dog was sacrificed on the 79th day  a fte r oper­
ation, and  X -rayed  on the  same day (Fig. 11). No osteolysis is visible in the 
transp lan t. P roxim ally  and  distallv  th e  g ra ft is firm ly fixed to  th e  living 
bone by  an ab u n d an t callus. In  the middle portion of the g ra ft no signs of 
bone form ation can be observed. The perfo rations—com pared w ith the  
firs t X -ray  p ictures —have become cornet-shaped. F igures 12 and 13 show 
cross-sections from  the  proxim al th ird  displaying a callus filling the  hole. 
New osteons have grown in the  com pact bone. R evitalization  in itiating 
through th e  holes spreads to  the  inner side of th e  com pact bone.
Dog No. 2. O perated  on the  same day  as dog No. 1. T ransp lan ta tion  w ith 
unperforated  com pact bone graft. Roentgenogram  tak en  on the  39th day  
discloses signs of osteolysis and  resorption. The dog was sacrificed on the  
79th day  a fte r operation and  X -rayed on the  same day  (Fig. 14). The ro en t­
genogram  shows intensive osteolysis, resorption and  destruction  of the  g ra ft 
w ith concom itant irregular corrosions and  vigorous periosteal bone building 
in the  ulna.
Dog No. 5. O perated on bo th  forelegs im planting an  unperforated  bone 
g ra ft in  the  left leg and  a perforated  one in th e  right. The w ound healed by 
first in tention. Sacrificing occurred on th e  34th day  a fte r operation. The 
roentgenogram  tak en  on th e  same day discloses b ilatera l form ation of small 
periosteal spurs a t th e  surface of contact. Postm ortem  exam ination of the  
m ateria l revealed th a t  a  m esenchym al tu b e  was presen t around bo th  tra n s ­
p lants. A longitudinal incision on th e  unperfo rated  tran sp lan t shows a 
sm ooth surface o f contact w ith  th e  m esenchym a, whereas th e  incision of 
th e  m esenchym al m antle of the  perforated  g ra ft (Fig. 15) disclosed firm ly
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fixed, ingrown m esenchym al w arts in each hole. The histological p repara tion  
(Fig. 16) shows th e  cross-section of some peripheral resorption lacunae 
filled up partia lly  w ith bony regenerates.
SUMMARY
Benign and  sem i-m alignant tum ours of the  bone often destroy th e  diaphyses 
in their to ta l circumference. R adical elim ination of the  tum our can be achiev­
ed only by  resection of th e  diaphysis extending proxim ally and distally  to  
th e  in tac t bone. The reconstruction and  establishm ent of con tinu ity  of the  
diaphysis required  a fte r such resections is still an  open surgical-technical 
problem . Bridging over th e  defects w ith  cortical bone grafts failed to  bring 
satisfactory  results, owing chiefly to  resorptive and  osteolytic processes 
occurring in  th e  g ra ft which lead to  p rem ature  destruction of the  graft. 
According to  personal experience of th e  authors, th e  consolidation of the 
g ra ft can be considerably accelerated and  im proved if  th e  cylinder-shaped 
cortical tran sp lan t has been previously ab u n d an tly  perforated. Through 
these perforations th e  m esenchym al tissue of the  g ra ft bed is able to  invade 
directly  th e  hom eostatic g raft. In  th is way, th e  p rep ara to ry  osteolytic 
processes of the  cortical barriers are no t needed. E xperim ents carried ou t 
on dogs have confirm ed th e  advan tage of perforated grafts.
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C O N TRIBU TIO N  TO T H E  LATE RESU LTS OF G R A FT 
IM PLA N TA TIO N  IN  T H E  BACKBONE
by
J .  S c h n it z l e r
DEPARTMENT OF TUBERCULOSIS 
UNIVERSITY MEDICAL SCHOOL. DEBRECEN, HUNGARY
T h e  s u r g ic a l  rem oval of one specific tuberculous focus of th e  backbone is 
a routine oparation  nowadays. The ‘w here’ and  ‘when’ of th is operation 
as regards th e  rem oval of the  centre of th e  infection or of th e  specific abscess 
are, in  general, connected w ith compression sym ptom s, p araverteb ral and 
psoas-abscesses or bone sequesters. Obviously, th e  rem oval of the  focus, 
principally  in  cases of g reat destruction, raises the  question of vertebral 
stiffening or of the  replacem ent of the  backbone. These m ethods are, however, 
acceptable only when the  defect of th e  backbone can be replaced for a long 
tim e, i.e. when surgical rem oval can help in restoring health.
For m any years we have been engaged on th is problem . Our previous 
experience was published in 1954 (Schnitzler and  F ábián). The essence 
o f our m ethod is to  fill up  the  gap of the  backbone w ith bone, th e  defective 
p a r t  of the  v erteb ra  being thus su b stitu ted  by  a bone transp lan t. In  all 
cases th e  g ra ft is resected (including the  periosteum ) from the  crista iliaca of 
th e  p a tien t. The cav ity  of the  bone is filled up w ith Orell’s bone chips 
and  th e  defect is filled up  w ith a bone bridge, the  size of a little  finger, for 
b e tte r  stabilization of the  backbone. In  cases when resection of a large p o r­
tion  of th e  v erteb ra  is necessary, th e  bone block obtained from the  crista 
iliaca should be form ed in such a m anner as to  fill up th e  whole defect. 
The bone should be placed in th e  defect in a strong lordosis of the  spinal 
column, in order to  have it under compression in a physiological position. 
Frequently , several adjoining vertebrae have to  be rem oved; as a result 
a  large defect arises the  size of 2 to  3 vertebrae. In  such cases it is necessary 
to  form column-like g rafts and place them  lower and higher th an  the  defect 
in to  th e  in tac t p a r t of the  backbone.
Since 1954 we have perform ed th e  operation m entioned above, on 46 
patien ts . Follow-up exam inations have been carried out on 9 patien ts for 
more th an  10 years, and  th e  period of observation regarding 24 other 
patien ts  is approxim ately  6 to  9 years. Our clinical results are excellent. 
In  our opinion our good results are due to  our surgical technique and m ethod 
of tran sp lan ta tio n  which are based on the experim ental results of K rom pe- 
cher substan tia ting  the  following principles:
1. Active m ovem ent helps bone form ation;
2. F unctional em ploym ent prom otes the  survival of the  tran sp lan t (Krom - 
pecher and P ap  1963);
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3. In ac tiv ity  stim ulates the resorption of the g ra ft (K rom pecher and Pap 
1963);
4. U nnecessary tran sp lan ts  are also resorbed.
On studying such an operated  case, the  first finding is the fractu re  of the  
spinal column. This artificial fractu re  is united  by the  surgeon by means 
of a bone tran sp lan t, and  th e  subsequent result is due to  the  n a tu ra l force of 
regeneration. Opinions concerning this problem  are no t uniform . There 
are specialists wbo uphold the  view th a t  the  form ation of callus in the ver­
teb rae  is generally m inim al. Lob (1954) claims th a t  un iting  th e  fractu re 
of th e  spinal colum n by  a callus is impossible. According to  Somogyi et al. 
(1956), X -ray exam inations reveal th a t  th e  lines of a coarse fractu re  of the
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vertebrae are persis­
ten t even a fte r several 
years following the  
injury. B udai’s opinion 
is th a t  th e  fusion of 
th e  vertebrae  occurs 
only by connective t is ­
sue, and  a bone block 
can only develop if the  
ligam ent was also dam ­
aged. There is an ­
other d ifficulty  in these 
cases. The g ra ft m ust 
be placed in to  a tuber- 
culotoxic, environm ent. 
The question is how 
callus form ation and 
regeneration occur u n ­
der such unfavourable 
tissu lar conditions. 
According to  Lob 
(1954), first th e  con­
nective tissue is devel­
oped, and fusion o f the 
vertebrae by th e  im ­
plan ted  bone comes 
later. K aste rt (1957) 
states th a t  a f te r  the  
removal of th e  specific 
focus, the  bone block 
consists of connective 
tissue or of bone. In 
such a  case there is no 
chronic inflam m ation 
in  situ. The new bone
develops only in the
presence of a sim ultaneous chronic inflam m ation of th e  tissue. According 
to  Erlacher (1935), i t  is probable th a t  the  unsatisfactory  nu trition  of the  
bones, due to  the pathological condition of the  tissues, g reatly  d isturbs 
the  form ation of callus. Borsay e t al. (1959) declare th a t  scarcely any 
callus form ation exists in th e  vertebrae.
These d a ta  do not offer any satisfactory  explanation as to  our very good 
results. Therefore, an  analysis of our m aterial seems to  be necessary. I t  
should be noted th a t  our patien ts have been living and  working practically  
w ithout com plaints for about 10 years since th e ir operations, which fact 
seems to  verify the  correctness of our surgical m ethod.
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CASE R E P O R T S
1. This wom an p a tien t was operated  ] 1 years ago because of spondylitis 
tuberculosa of th e  vertebrae lum balis I I  and  II I .  A relatively  large defect 
was created  by th e  rem oval of th e  focus. The gap was filled up w ith  bone 
chips and  th e  tw o diseased vertebrae were united  w ith  a bone g ra ft the  
size of a little  finger. The clinical s ta te  of the  p a tien t is excellent today . 
The gap does no t exist and  the  bone block is bridged by a well-developed 
callus. On the  ex ternal border of the  bone block, a t th e  site of th e  tran sp la n t­
ed periosteum , a large cortical layer was form ed (Tig. 1).
2. The vertebrae lum balis I I  and I I I  of a young girl were rem oved, and 
the  gap was spanned w ith a big bone bridge. A portion  of th e  tran sp lan t 
reached w ith th e  periosteum  down in to  th e  soft tissular environm ent (Fig. 2).
Today, 11 years a fte r the  operation, a  well-developed bone block exists. 
The unobstructed  p a r t  of th e  bone tran sp lan t, m entioned above, is, how­
ever, broken and  p artia lly  resorbed (Fig. 3).
3. R em oval of th e  focus was perform ed between the  vertebrae lum balis 
I I  and  I I I .  The gap was filled up  w ith a well-formed bone block w ith perios­
teum  th e  size of 1 X 6 cm (Fig. 4). Today, a fte r 10 years, a  well developed 
bone block is visible, b u t th e  border of th e  periosteum  has no t disappeared 
as yet. The gap exists only where the  discus persisted.
4. In  th is case the  vertebrae lum balis I I I  and  IV  were rem oved. The 
rem oval of th e  la tera l p a r ts  of the  tw o vertebrae extended far in to  th e  deep 
in terior of th e  backbone. A triangu lar g ra ft was im plan ted  w ith  periosteum
into  the  gap. A fter 10 years, a big callus is still 
visible in  th e  verteb ra  (Figs 5 and  6).
5. The operation on th is wom an was perform ed 
11 years ago. The vertebrae lum balis I I I ,  IV and 
V and  sacralis I  were rem oved because of spondy­
litis. A larger p a r t th an  half of th e  tw o vertebrae 
was sequestered. The backbone was un ited  a t the 
ex ternal border w ith a big bone colum n with 
periosteum . On this tran sp lan t a  well formed 
functionally  valuable callus has developed. On 
th e  border of th e  periosteum  a  cortical layer still 
exists (Fig. 7).
W e have perform ed the  operations, m entioned 
above, on abou t half of our pa tien ts w ith spondy­
litis dorsalis. Our results in th is  group are p rac ti­
cally the  sam e; the  period of observation is, how­
ever, less th an  10 years. In  cases of spondylitis 
dorsalis, th e  X -ray  pictures are no t so convincing 
as in spondylitis lumbalis. This fact is u n d o u b t­
edly a  fu rth e r difficulty  in the  assessm ent of the  
results. Moreover, in cases of spondylitis dorsalis 
m uch larger grafts are needed for im plan ta tion .
According to  our results, we are of the  opinion 
th a t  au to transp lan ta tion  is a  very  good m ethod for
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th e  m edical trea tm en t of spondylitis tuberculosa. The clinical condition of 
th e  operated  patien ts , even a fte r several years, is excellent and in every 
case th e  developm ent of a big and well-form ed callus has been evidenced. 
We have, however, no pathohistological docum ents regarding th is m ate­
rial, because up  to  th e  present all our operated  pa tien ts are alive.
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STUDY ON V ER TEB R A L COKIM »DESIS IN DOGS
by
J . B o r s a y , T. R iskó and P. N yul-Tóth
FODOR JÓZSEF SANATORIUM FOR TUBERCULOSIS, BUDAPEST, HUNGARY
A c c o r d in g  to  our clinical and  roentgenological observations we w rote in 
1959: ‘In  cases of particu larly  severe vertebral tuberculous destructions 
it m ay be frequently  no ted  th a t  th e  stab ility  of the vertebral column is 
secured only by th e  posterior “ tu b e  system ” w ith  the  help of th e  small 
joints, the  spontaneous ossification o f which represents the  highest degree 
of n a tu ra l adap ta tion . . . . ’On analysing the  bone-graft im p lan ta tion  into 
th e  vertebral focus we w rote th e  following: ‘The spontaneous callus- 
form ation or th a t  due to  operative influence is lim ited to  the  preservation 
of the  “tube-system ” and  m ay be observed only a t  th e  circum ference of the  
verteb ral b o d y . . .  thus, the expedient surgical m ethod or technique is 
th a t  which makes use of the  repairing power of the  vertebral border.’
Our clinical and roentgenological observations were p a r tly  supported  
by  anim al experim ents. The collaborators were Dr. Joós, D r. Lelik, 
Dr. K erenyi and Dr. Varga.
In  15 dogs we tried  to  analyse the  behaviour of autogenous bone grafts 
im planted on the  side of the  vertebral bodies. In  one case we operated  the  
dorsal vertebrae th rough  costotransversectom v. However, the  surgical 
procedure was no t adequate technically  for serial experim ents in  dogs. 
On one occasion we perform ed Jumbal corpodesis transperitoneally . The 
anim al perished due to  vena cava throm bosis. In  13 cases the  approach to  
the  lum bal vertebrae was re troperitoneal and, afte r chiselling superficial or 
deeper grooves, a bone g ra ft of th e  resected eleventh rib was im planted 
into th e  vertebral body. Ten anim als were followed up for 2 to  6 1/2 m onths 
on roentgenogram s (3 anim als perished or were lost), then  the  affected p a rt 
of the  vertebral column was rem oved in  toto and  separate  roentgenogram s 
were taken . H istological preparations were n o t m ade as the  m aterial was 
lost in the  histopathological laboratory .
Our observations m ay be summarized as follows. The callus form ation 
begins on th e  side of the  vertebrae adjoining the  disk and  becomes d istinct 
a fte r four weeks. On the  affected p a r t  of th e  disk a narrowing, and  on the  
adjoining vertebrae sclerosis m ay be observed. In  case of superficial surgical 
in ju ry  and bone-graft application, callus form ation is m oderate, b u t d istinct 
la teral and  an terior links fasten  th e  bone g ra ft to  the  disk, and  the  o ther 
p a rts  of th e  bone-graft are resorbed (Figs 1 to  5).
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F ig . 1. In superficial 
operative injury, the 
bone graft is fixed  
w ith marked lateral 
and anterior bridge 
formation to the in ­
jured disk; the other 
part is absorbed
F ig. 2. See caption to Fig. 1 F ig . II. See caption to
Fig. 1
F ig . 4. See caption to 
Fig. 1
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F ig . 5. See caption to F ig 1. F ig . 6. Absorption  
zone around the d is­
ta l end o f  the bone 
graft
The bone g ra ft which was wedged deeper in to  th ree vertebrae is consoli­
d a ted  a fte r two m onths. The roentgenogram  tak en  2 1/2 m onths a fte r in te r­
vention shows the  same p icture on the  section of two vertebrae, b u t a small 
zone o f resorption surrounds the  end of the  bone g ra ft in troduced  in to  th e  
th ird  v erteb ra  (Fig. 6).
In  case of deeper and  ex tended  surgical in ju ry  the  callus form ation is 
significantly  more d istinct, the  tw o adjoining vertebrae are un ited  in to  a 
block and  th e  bone g ra ft is no t seen on th e  roentgenogram s (Figs 7 to  9).
According to  our roentgenological exam inations we m ay ascertain th a t  in 
dogs th e  bone g ra ft im plan ted  during corpodesis is consolidated. The narrow ­
ing and th e  surrounding sclerosis are constan t features. The callus form ation 
begins on th e  side of th e  vertebrae adjoining the  disk and  a fte r superficial 
surgical in ju ry  a clam p form ation fastens the  im plan ted  bone g ra ft sim ilar 
to  spondylitis deform ans; in cases of extended and  deeper injuries, powerful 
callus form ation begins a t  the  same site and  unites th e  tw o affected vertebrae 
into a block. I f  the in ju ry  affects th ree vertebrae, the  bony union is lim ited 
to  two vertebrae only, and  the  bone g ra ft beyond the  tw o vertebrae m ay be 
resorbed.
107
F ig. 7. Extensive callus 
formation in case of deep­
er surgical injury
F ig. 8. See caption to 
Fig. 7
F ig. 9. See caption to 
Fig. 7
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CLINICAL ASPECTS OF CALLUS FORM ATION
by
P. F. Ma t z e n
CLINIC OP OKTHOPA EDIC SURGERY. UNIVERSITY MEDICAL SCHOOL, LEIPZIG, GDI!
Syrnp. Biol. H ung .,
Tw o T h in g s  are of in terest for the  clinician in his everyday surgical work: 
w hether the healing process of a fractu re  can be accelerated beyond physio­
logical lim its and  which are the  im pairm ents re ta rd ing  fractu re  healing. 
This problem  can be clarified by  clinical observation and  by  experim ents 
on animals.
The problem  of the mode of action and the role of m echanical influences 
and  functional stim uli in fractu re healing have been largely discussed. The 
concept, now alm ost universally adopted th a t  only ideal reduction and 
im m obilization of th e  fractu re can lead surely to  sound repair, was by no 
means adop ted  by all surgeons.
L. Cham boniére in 1867 suggested the moving of fragm ents in fractu re 
trea tm en t. In  con trast to  this, Owen Thom as in 1887 advocated prolonged 
and  u n in terrup ted  im m obilization based on his observation th a t  im m obiliza­
tion  of too short du ra tion  results in excessive callus form ation. D avid in 
1895 reported  healing of rep lan ts of skull bone w ithout callus, a ttr ib u ted  by 
him to  lack of m uscular effect. According to  D avid  dosed rest and  ac tiv ity  
are required  for healing of fractures of the extrem ities. E ven such experi­
enced clinicians as Lexer, do not regard  im m obilization as a decisive factor 
in fractu re healing, advocating th e  use of adequate reduction w ithout 
com plete im m obilization. On the  o ther hand, in ßöh ler’s opinion, the  con­
ditions of undisturbed  healing are: m anipulative reduction and  im m obiliz­
ation  of the  fracture. All extensive calluses observed on th e  radiographs 
resulted  from m echanical irrita tion  of th e  fractu re  site which has d isturbed  
th e  healing of fracture. According to  Schenk and  W illenegger, n o t only 
excessive callus form ation b u t all calluses appearing in th e  v icin ity  of the 
fractu re  are signs of d isturbed  fractu re healing. In  experim ents carried out 
on rabb its and dogs, we have observed th a t  fractures in which ‘ideal’ 
im m obilization was ensured achieved only a slighter breaking streng th  
com pared w ith  th e  controls where less ‘ideal’ im m obilization was p e r­
formed. We all know from  clinical practice cases of femoral fractures in 
which one year a fte r m edullary nailing, on the  basis of the  roentgenogram , 
‘ideal healing’ w ithout any  callus in the  p roxim ity  of the  fractu re  would 
be expected and  yet, a fte r th e  rem oval of th e  m edullary nail, re fractu re of 
the apparen tly  w ell-united bone occurs a t the  slightest m echanical em ploy­
m ent. The sam e observation was reported  by Allgöwer a t  th e  Congress of
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F ig . 1. F ra c tu re  o f  the  leg 
o f  ra b b it im m obilized by  
m eans o f  an  a p p a ra tu s . 
On 1 he r ig h t : m ore pow er­
ful se ttin g  device ensu ring  
com plete  fix a tio n  of th e  
fra c tu re . On the le ft: small 
device w hich does not, 
ensure a d eq u a te  fixa tion  
o f th e  fra c tu re
F ig . 2. Small ap p a ra tu s  for 
fra c tu re  im m obilization
Germ an Surgeons in  1964, when he distinguished betw een early refracture 
a ttr ib u ted  to  unsatisfactory  union of the  fragm ents and  refracture occurring 
after removal of metal. According to  Allgöver, th e  evaluation of weight 
bearing capacity  is rendered difficult by p rim ary  bone healing. This is 
undoubted ly  so. B u t th is experience shows also th a t  forced ‘abso lu te’ 
im m obilization cannot be regarded as conditio sine qua non  of fracture 
tre a t  ment, especially if  th is absolute immobilization can only be achieved 
by  g reat surgical-technical preparations and  by sim pler and less dangerous 
procedures sim ilar good results can be attained . N aturally , it m aybe objected 
th a tin  such cases the  failure of fractu re healing or delayed repair m ay be 
due not to  the  principle of absolute im m obilization b u t to  some im perfection 
of the  m ethods used to  achieve th is aim, e.g. too  excessive tissue damage, 
particu larly  th a t  of the  periosteum , a t th e  exposure of the  fractu re  site for 
m edullary nailing or for application of a compression plate. K iin tscher 
s ta tes  th a t  whenever such a procedure is technically possible, closed stable 
osteosynthesis and  m edullary nailing w ithout im pairm ent of th e  periosteum  
should be perform ed. C ontinuing th e  fundam ental experim ents of K rom pe- 
cher, we have found in experim ents on rabb its  th a t  w ith  ideal reduction and
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F i g . 3. I lu r in g  m echan ica l re s t d irec t d iffe ren tia tio n  o f spongious callus occurs (a). 
H isto log ical section  th ro u g h  spherica l callus. P reca llu s  consisting  o f  ca rtilage  and  
connective  tissue is recognizab le  betw een  th e  fra c tu re  ends (b)
im m obilizaton of tlie fragm ent ends th e  healing of fra c tu re —a t least in 
these an im als—occurs w ithout preform ation of cartilage or connective 
tissue and  w ith  m inim al am ount of callus in th e  v icin ity  of the  fractu re  site. 
In  such cases we speak of callus form ation w ithout indirect d ifferentiation.
Figure 1 shows frac tu re  of the  leg of rab b it im mobilized in an apparatus. 
On the  righ t: more powerful appara tus ensuring com plete fixation  of the  
fracture. On th e  left: a  sm all setting  device which does no t ensure com plete 
protection of the  fractu re  site against bending forces. No strong com pres­
sion acted  on the  fragm ent ends in either case, th ey  were m erely brought 
into apposition. The radiograph tak en  a fte r an observation period of four 
weeks, disclosed on bo th  sides firm  bony union. On the  right, we see a  frac ­
tu re  healed alm ost w ithou t environm ental callus, whereas on the  left, a 
larger spindle-shaped callus is visible.
In  Fig. 2 tw o sm all setting  devices are presented. The fragm ent ends on the 
righ t have no t been en tirely  apposed and  compressed to  each other, while 
on the  left, th e  frac tu re  ends have been as well reduced as in th e  preceding 
picture, though w ithout compression. On th e  right, a  spherical callus has de­
veloped due to  unsatisfactory  im m obilization, while on th e  left, a spindle- 
shaped callus is visible which, however, a fte r the  elapse of four weeks, 
will show perfect bony organization.
I l l
Fig . 4a. Example of fracture treated by traction and wire cerclage
From  th is  experim ent it  appears th a t  no t so m uch ‘abso lu te’ im m obiliz­
ation of the frac tu re  is required  b u t its  protection from too m uch m ovem ent 
in  th is connection th e  experim ents of K lin ischer are of special in terest, 
showing th a t  th e  resistance of the  b lastem a to  m echanical em ploym ent of 
trac tio n  or compression is only of a m oderate degree (Figs 3a and  3b).
I t  is difficult to  achieve in experim ent one-sided compression or traction  
exerting on th e  b lastem a. As a rule, we have to  deal here with a m ix ture 
of various forces acting on it. Therefore, it is very difficult to  tell which 
tissue has been form ed under the  influence of a certain  force. Hasche- 
K liinder and  Gelbke have come to  the  conclusion th a t  m echanical unrest 
in  th e  te rrito ry  of the  b lastem a leads in every case to  form ation of ca rtila ­
ginous precallus. More th an  100 years ago B ernhard  von Heine po in ted  ou t 
th a t  th e  periosteum , endosteum  and  cortical bone p artic ip a te  in equal m eas­
ure in the  healing of fractures. According to  Hauck, endosteum  is the  m ain 
factor in callus form ation, though  the  size of th e  periosteal and  chiefly 
th a t  of the  parosteal callus is by  far larger th an  th a t  of the  endosteal one. 
In  K ü n tsch e r’s opinion, no risk is ru n  in renouncing form ation of endoste­
al callus, a t least in diaphyseal fractures, if the  periosteum  has been
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F ig . 4b. E xam ple  o f  frac tu re  tre a te d  by tra c tio n  and  wire cerclage
carefully preserved a t the  operative intervention. As has been repeatedly  
observed in experim entally  produced shaft fractures, ab u n d an t callus for­
m ation is alm ost consistently  found in  th e  m edullary cav ity  near the  fractu re  
site, even if only a very  th in  callus spindle is visible externally  on th e  bone. 
The fact th a t  endosteal callus is no t indispensable a t  all in fractu re healing, 
as evidenced by  clinical experim ents of boring the  m edullary cav ity  and  
m edullary nailing, does no t m ean th a t  endosteal callus form ation does no t 
occur in the  diaphysis.
I t  has been histologically dem onstrated  by Schenk and Willenegger th a t  
‘under stable circum stances the  cortical bone can contribu te considerably 
to  the healing of frac tu re ’. These au thors po inted  out th a t  such an accurate 
reposition of th e  fragm ents can be achieved by compression th a t  in some 
places th e  H aversian  system s become pressed to  each other. Such sites 
will be organized exclusively from  these H aversian  system s. Fusion of the  
fragm ents will occur sim ultaneously w ith re-establishm ent of th e  original 
s tructu re  of the  cortical bone. By this, the  possibility of a ‘prim ary  fractu re  
healing’ would be dem onstrated . On the  o ther hand, Geiser who likewise s tu ­
died th is problem  very  system atically  believes as a result of his experim ents 
th a t  d irect fusion of the  cortical bone is impossible because of th e  m ore or 
less extensive necrosis always presen t a t  the  fractu re ends and  considers 
the  term  ‘prim ary  fractu re  healing’ as misleading. We have dem onstrated
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F ig . 5. H ealed frac tu re  o f th e  shaft o f th e  h um erus w ith  d isp lacem en t a s  great, as
th e  b re a d th  o f th e  shaft
in experim ents w ith encircling wires th a t the  ex ten t of necrosis occurring 
in th e  fractu re  ends is largely dependent on im m obilization, i.e. it m ay be 
so slight in case of adequate fixation  th a t it  is p ractically  of no im portance. 
If im m obilization has been insufficient, necrosis can assum e considerable 
proportions which, despite wire cerclage, m ay lead to  form ation of pseudar- 
throsis. Allow me to  b reak  a lance here on behalf of wire cerclage. This 
procedure—provided it lim its are know n—is not so bad  as its  present 
reputation . I t  does no t perm it e.g. the  disregarding of the  use of p laster 
bandage. I t  would be wrong to  conclude th a t  this procedure adds the  d isad­
vantages of p la s te r bandage to  the  d isadvantages of operative trea tm en t. 
Much ra th e r it prom otes sho rt and ideal ad ap ta tio n  of the  fragm ents, the 
possibility of an early loading, e.g. th a t  of th e  leg in p laster cast, and earlier 
dism issal of the  p a tien t from the  hospital. A t any  ra te , if wire cerclage is 
perform ed, th e  operation m ust be perform ed as carefully as possible. I t  is 
usually  unnecessary to  s trip  the  periosteum  from th e  bone since it  has already 
been detached  during frac tu re  and we m ust lim it ourselves to  apply  one 
or tw o encircling wires a t m ost and never believe to  have achieved a stable
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F ig . (5. C om m inuted  frac tu re  o f  th e  fem ur
osteosynthesis w ith perfect weight bearing capacity . In  doing so the  wire 
cerclage would afford all the  advantages of a conservative trea tm en t w ithout 
exposing th e  p a tien t to  the  danger of introducing large m etallic foreign 
bodies. Certainly, when one sees a radiograph where num erous loops succeed 
one another, one m ust seriously m editate  over the  biological considerations 
of the  surgeon who perform ed th e  operation. F igures 4a and  4b give exam ­
ples of fractures trea ted  by  trac tion  and  wire cerclage.
In  recent years th e  m echanism  of action of compression osteosynthesis, 
according to  W esthues and  Greifensteiner, though evaluated  positively by  
m ost specialists, has been largely discussed.
F irst of all i t  should be s ta ted  th a t  by pressing together the  fragm ent 
ends in  a  fracture, osteotom y or arthrodesis, no effect is exerted  on the  
blastem a. Compression is taken  up  by th e  surfaces of contact of the  bone 
where i t  dies away. In  th e  area of th e  blastem a itself, it is rest from  m echan­
ical viewpont, provided there are no bending or shearing forces present.
9 Svinp. Biol. Hung. 115
1 6
n  n
i I
F ig. 7. E x p lan a tio n  o f  th e  shape  o f  callus on  the  basis o f h y d ro s ta tie a l law , accord ing  
to  P auw els (a an d  b); Z =  tra c tio n ; I) =  com pression (c)
These forces do not, however, ac t uniform ly b u t produce a  constan t change 
o f trac tio n  and  pressure strains. I f  compression o f th e  surfaces of th e  cortical 
bone had  a positive effect on tissue proliferation, an  increased tissue prolif­
eration  would be present a t  th e  site of con tac t of th e  cortical w ound surfaces. 
This has n o t been verified so far. The very  fine bone grindings of Schenk and 
W illenegger dem onstrate d irect union of bone lam ellae, b u t no thing th a t  
would verify th a t  th e  axial pressure acting on th e  frac tu re  site would have 
b rough t abou t an  excessive disposition for regeneration of th e  tissue. I t  has 
been s ta ted  by  th e  adepts of th e  so-called ‘functional fractu re  tre a tm e n t’ 
th a t  th e  young callus tissue m ust be tim ely  set to  adequate functional 
tasks because th is  would prom ote d ifferentiation of p lu ripo ten t histiocytes 
in  th e  bone. Ju lius W olff has m ade a  sharp  d istinction betw een th e  process 
o f sticking together and  th a t  of transform ation , th e  results o f which are 
constan tly  confused and  m isin terpreted . W olff is righ t in s ta tin g  th a t  
th e  effect of function on th e  process of transfo rm ation  asserts itself only 
a f te r  com pletion of actual healing. F unctional m ovem ent th e rap y  is righ tly  
considered by  Böhler as consisting of com plete and  u n in terru p ted  im m obiliz­
ation  of the  frac tu re  a f te r  its  careful reduction  and  sim ultaneous active 
exercise of th e  jo in t which is no t involved in  im m obilization or th a t  of the  
whole body, under painless conditions. W hen K üntscher sta tes th a t  full 
loading and  active exercise of the  lim b is possible, setting  th is even as 
th e  aim  of trea tm en t, he does no t m ean to  give a  functional ta sk  to  the  
frac tu re  site b u t he tru s ts  in  th e  s tab ility  of osteosynthesis and  in  the  m ate­
rial involved in th is process. The efforts of the  working team  of Swiss su r­
geons to  im prove fractu re  healing by new procedures of osteosynthesis, espe­
cially by  using com pression plates, are directed  n o t so m uch to  ob tain  
union of th e  fragm ents some days earlier, b u t to  render possible th e  active 
m obilization of the  jo in ts in the  vicinity  of th e frac tu re  site and  thus, prevent
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postoperative joint stiff­
ness. According to  Mül­
ler, Allgöwer and  Wil­
lenegger, th e  aim to  be 
a tta ined  by th e  surgeon 
should be ra th e r early 
mobility of the operated 
extrem ity than  its early 
w eight-bearing capaci­
ty . This aim has been 
a tta in ed  by Pap, too, 
w ith his m ethod of dia- 
fixation requiring little  
technical em ploym ent.
In  our opinion, sy n th e­
sis of bone due to  com ­
pression is no t the  work 
of some m ysterious re ­
generative powers a- 
roused there, b u t rapid 
fractu re  healing is due 
—as has been constan t­
ly  observed—to  accu­
ra te  reduction and  com­
plete im m obilization.
The degree of com ­
pression differs only in 
so far as a m ore devel­
oped m usculature and  a longer lever arm  n atu ra lly  requires stronger 
pressure th an  a weak m usculature and  a sho rt lever arm  when one 
w ants to  achieve an  adequate im m obilization. B ürkle de la  Camp warns 
m ainly against using too strong pressure. Compression of abou t 8 kg 
seems to  have th e  m ost beneficial effect. B y applying stronger com ­
pression, bone necrosis m ay ensue in th e  surfaces of con tac t of the  
fragm ent ends. I t  has been dem onstra ted  by  Bier in his lengthening 
osteotom ies and by  K üntscher in his various com m unications on m edullary 
nailing th a t  even w ith  d istraction, provided th a t  bending strains have been 
satisfactorily  elim inated, bony reconstruction of the  fractu re  can take  place. 
The observation th a t  despite g reater d istraction  the  fractu re ends eventually  
unite, has been th e  subject of extensive investigations concerning chiefly 
th e  cause of th is process of unification (Pig. 5).
Practures of the shaft of the femur can heal without marked prolongation 
of the healing time if displacement exceeding the breadth of the shaft is 
present. Most comminuted fractures are prone to  heal excellently, even if 
no measures are taken to promote osteosynthesis (Fig. 6).
We have been able to  show in previous experim ents on anim als th a t  good 
healing tendency  of com m inuted fractures is due n o t so m uch to  particu larly  
strong biological regenerative forces aroused there, b u t ra th e r to  th e  fact
F ig . 8. F o rm a tio n  o f o s teo p h y tes  on a m p u ta tio n  s tu m p s
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th a t  m echanical d isturbing forces (i.e. bending 
and  shearing strains which can be present, e.g. a t 
the  fractu re  site during prolonged distraction) are 
divided and  thus, become uneffective. Accord­
ing to  K och, th e  way of detachm ent of th e  peri­
osteum  a t th e  frac tu re  is exclusively responsible 
for th e  shape of the  developing callus. Pauwels 
on th e  o ther hand, tried  to  explain th e  shape of 
the  callus by  hydrostatical law (Fig. 7). B ier 
claim ed th a t  a  stim ulus determ ining shape 
s ta rtin g  from  th e  in ju red  organ is essentially 
responsible for the  developm ent of th e  tru e  
regenerate. This concept of Bier seems to  be 
supported  by  the  following points:
1. W hen th e  fragm ents are displaced, callus 
form ation, irrespective of the  direction of 
displacem ent, takes place always in the  
shortest way;
2. Form ation  of osteophytes on th e  am p u ta ­
tion  stum ps never occurs in axial direction, 
b u t always either in  th e  direction of th a t  
bone stunrp from  which th ey  have set out, 
o r—in case of am p u ta tio n  o f a tw o-boned 
lim b—in th e  direction of the  stum p  of the 
ad jacen t bone (Fig. 8);
3. In  cases of experim ental fractures w ith 
axial deviation, th e  callus bridge develops 
m ainly ju s t as it is seen in clinical p rac­
tice, always on th e  inner side of th e  angle 
(Figs 9 and  10). I f  during healing th e  frac­
tu re  is ben t to  th e  opposite side, callus for­
m ation  presen t on th e  ou ter side of th e  angle im m ediately  subsides and  
an ew  callus bridge form s in  th e  inner side of th e  new angle;
4. In  sm all displacem ents ad latus, in  the  angle form ed by  th e  fractu re 
ends, a callus bridge develops which will la te r lead to  com plete bony 
union of th e  fragm ent ends (Fig. 11);
5. R em oval of splinter, e.g. from  the  tib ia , brings abou t an  alm ost ideal 
regenerate provided we are no t tem p ted  to  su tu re  th e  periosteum  to 
th e  site of bone rem oval (Fig. 12);
F ig. 9. C allus form ed a f te r  
sh a f t f ra c tu re  w ith  s tro n g  
a x ia l bend ing
My collaborator, E . K nöfler carrying out very  difficult experim ents, made 
a ttem p ts  to  clarify th e  conditions present in  tissue explants. W ithout 
wishing to  forestall th e  publication of his results I  have to  say th a t  he found 
th a t  the  direction of growth of the  fibroblasts is connected w ith th e  direction 
of stra in  present in th e  n u trien t m edium  or fractu re  haem atom a. So K nöfler 
could give a simple physical explanation  to  th is question w ithout presuppos­
ing a  special ‘tissue feeling’ (Figs 13 and  14).
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F ig . 10. C allus form ed a f te r  ex p erim en ta l sh a ft fra c tu re  w ith  s tro n g  a x ia l bend ing
in  ra b b it
I  should n o t like to  be m isunderstood regarding th e  im portance of accurate 
reduction and  im mobilization when I  say  th a t  the  bone ends will eventually  
unite and  often  fractu re  healing does occur undisturbedly  even when im m o­
bilization had  no t been quite ideal. I  do n o t th in k  so b u t I  believe th a t  
neither the  requirem ents of apposition nor those of im m obilization should 
be exaggerated. U ndoubtedly , unsatisfactory  reposition and  incom plete 
im m obilization are, additionally  to  deficiences of operative fractu re  t re a t­
m ent, th e  m ain causes of th e  undeniable increase of th e  incidence of pseud- 
arthrosis. W e have to  ponder over each case w hether ‘ideal’ reduction and  
‘abso lu te’ im m obilization can be achieved by  th e  required  means, and 
w hether th e  risk ru n  by  operative in terven tion  is reasonably proportional 
to  the  aim  to  be a tta in ed . In  certain  cases we have to  m ake a  compromise 
between X -ray  cosmetic requirem ents and  betw een necessary and  accessible 
ways. D espite our pride felt a t thinking of the  possibilities afforded by  m odern 
techniques of osteosynthesis, we should keep in m ind th a t  conservative 
frac tu re  trea tm en t in th e  hand  of an  experienced and, firs t of all, p a tien t
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F ig. I I. Callus bridge in the angle area in fracture with 
displacement ad  latus
surgeon can bring ex­
cellent results in the 
m ajo rity  of th e  cases. 
I t  is the  m erit o f Böhler 
th a t  he has shown th is 
again and  again.
There is scarcely any  
vitam in , m ineral salt 
or g landular ex trac t 
th a t  had no t been te s t­
ed in  the  las t decades 
as to  th e ir negative or 
positive effect on frac­
ture healing. The results 
of th e  investigations 
are, however, fa r from  
being concordant. I t  
seems to  be established 
th a t  V itam in C defi­
ciency w ith  [concomi­
ta n t deficiency of m in­
eral salts can delay or 
inh ib it repair of frac­
tures. ConcerningV ita- 
m in A, 15 or D defici­
ency, having likewise a 
delaying effect on bone 
regeneration, opinions 
are divided. Excessive 
vitam in adm inistration 
to  healthy  individuals 
can by  no means sh o rt­
en the  dura tion  of 
healing. Overdosage of 
V itam in D is dangerous 
as it causes im pairm ent 
of th e  vascular walls. 
This m ust be emphasiz­
ed since recently, Cro- 
ne-M iinzebrock, Zaffa- 
roni and  others have 
advocated the  positive 
effect of V itam in I) 
adm inistration.
N akam ura, T anabe 
and  others have th o r­
oughly exam ined the  
behaviour of various
1 2 0
F ig , 12. T ib ial regenera tion  a f te r  rem oval o f  sp lin te r
F ici. 13. Cell bund les a rran g ed  in  th e  sh o r te s t w ay  b e ­
tw een th e  frac tu re  ends (a fte r K nöfler)
glands and  g land  sys- 
te  ms during fractu re  
healing. O ther au thors 
m ade efforts to  in flu ­
ence the process of frac­
tu re  repair b y  giving 
various hormones to  the  
patien t. I t  is well known 
from  clinical observa­
tion  th a t  th e  healing 
process of d iabetic p a ­
tien ts  is often delayed 
an d  bone regeneration 
is difficult in patien ts 
w ith tabes dorsalis.
A dm in istration  of an a­
bolic horm ones having 
a  positive effect on frac­
tu re  healing is recom ­
m ended repeatedly .
A m ante and  Bidone 
speak highly of andro- 
stenediodipropio n a te , a 
steroid  with bisexual ef­
fect on fractu re  repair.
Liicker and  Schlaaf 
have found th a t  Methe- 
nolon( 1-mcthylA andro- 
stene-/?-ol-3-on) accel­
erates th e  process of 
repair in  castra ted  an i­
mals. H agem an is righ t 
to  suggest th a t  positive 
effect can only be exert­
ed in individuals with 
low horm onal level.
Lam brecht and  K ludas found p lacen ta  ex tracts  to  have a prom oting ef­
fect on fractu re  healing. Num erous au thors as Bätzner, B aum ann, Feria, 
Grosskopf, Heller, Pass, Prager, Bonaccorsi, E itel and Lexer, S tainlein and  
T rouchet (cit. by  M atzen), as well as Crone-M iinzebroek claim th a t  th y ro ­
xine adm inistration  has a stim ulating  effect on fractu re  repair.
In  experim entally  produced factures we could no t verify any  acceleration 
of the healing process following th e  adm inistration  of thyrox ine or vasodilator 
drugs or a fte r sym pathectom y. In  these experim ents we have found th a t  
as a  resu lt of the  fractu re  th e  vessels have become d ilated  to  a  m axim um  
in the  fractu re  area which cannot be enhanced by any  medicine or by  
sym pathectom y. In  con trast to  this, Bernaschek was able to  reduce by  half 
or even more the  du ra tion  of fractu re healing by using depot Padu tin .
F ig . 14. E x am in a tio n  in polarized lig h t d em o n s tra te s  
th a t th e  d irec tio n  o f  g row th  o f  cell b u nd les  follows th e  
d irec tio n  o f s tra in  o f  th e  m ed ium
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F ig . 15. D efect p seu d arth ro s is  o f th e  u ln a  tre a te d  w ith  w edged graft
In  connection with his positive results Bernaschek refers to the work of 
Bürkle de la Camp and experiments on animals carried out by Frey and 
Otto. Locally applied lyophilized bladder mucosa was found to have 
a promoting effect on the course of fracture repair. Mention should be 
made of the experiments of Welker in which he succeeded in inducing 
heterotophic bone formation by implanting free grafts of bladder mucosa 
in the muscle. A t the critical evaluation of the works dealing precisely 
with this subject, one m ust not forget how difficult it is to judge the effec­
tiveness of any material on callus development. We wish to  recall here the 
statem ent of Kirschner which, naturally, applies not only to  others, th a t 
every researcher becomes fond of the subject of his investigation as of his 
own child and is prone to attribu te to  it such properties and capacities 
which in reality only exist partly  or not a t all. The most im portant state- 
m ents from a clinical point of view seem to me as follows: a great variety of dis­
turbances, either those of mineral metabolism or those of hormone and water 
households, can exert a delaying effect on fracture healing; up to the present 
there is no certain m ethod to accelerate the course of fracture healing in 
healthy individuals either by supplemental nutrition or by giving some 
kinds of materials; in case of disturbances, mentioned above, a substitutional 
therapy m ust be instituted. I t  is an im portant and much debated question 
whether medicines can disturb the course of fracture healing. The frequently 
asserted disturbances of fracture healing and survival of grafts due to  antibio-
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F ig. 16. P seu d arth ro s is  a f te r  fra g m e n ta ry  frac tu re  o f th e  rad iu s  tre a te d  by  strin g in g  
m ethod , acco rd ing  to  W anke  G riessm ann
F ig . 17. D efec t p seu d a rth ro s is  o f  b o th  fo re-arm  bones a f te r  sh o t fra c tu re  tre a te d  b y  
s trin g in g  m eth o d  (fibula  covered by  au to logous perio steum ), and  3 a n d  5 y ea rs  a f te r
frac tu re
tics have been recently  questioned by  Lentz and  others and  in  fact do not 
seem to  be verified. H arten b ach  believes th a t  cortisone is, a t least partia lly , 
responsible for th e  process of differentiation. Overdosage can delay calcifi­
cation. C ytosta tics have been found to  in h ib it bone regeneration.
H igh X -ray  doses have a  dam aging effect on callus developm ent and  the  
stim ulus of X -ray  irrad ia tion  cannot accelerate fractu re  repair, as has been 
again dem onstrated  lately  by Graggion and  Ravazzolo.
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Km. 18a. Replacement of hu­
merus by autologous fibula 
graft. Case 1
W hen bridging of a 
defect is perform ed, 
both the  graft itself 
and the grafting bed 
have to  m eet th e  high­
est biological requ ire­
ments, nam ely, the 
larger the  defect and 
worse the grafting bed. 
the  more difficult the 
bridging over of the 
defect (Figs 15, 16 and 
o 17). Thus, bridging over
defects in th e  m eta­
physeal spongious bone segm ents of the  extrem ities and  in  spondyloses 
in  th e  area of vertebral arches is easier to  perform  th a n  in th e  diaphysis. 
In  fact, only autologous grafts covered w ith periosteum  proved to  be su it­
able for bridging over of large diaphyseal defects (Figs 18, 19 and  20). 
Occasional results w ith homologous m ateria l obtained by  us, too, especially 
in younger patien ts, only proves the  rule (Fig. 21).
In  some cases homologous and  autologous bone m aterial can be em ployed 
together, as the  homologous bone would m ainly undertake the  function 
of support, while the  autologous m aterial would m eet th e  biological require­
m ents. The use of homologous half-joint tak en  from  fresh corpses, as 
suggested by Lexer, proved to  be inadequate for arth rop lasty , because in  a 
few years, alm ost regularly, resorption of the  g ra ft and stiffening again 
of th e  jo in t occurred. R ecently , Im am aliev  reported  good results in hom o­
logous transp lan ta tions using half-joints kep t previously a t  —80° to  —150 °C. 
My collaborator Fleissner could n o t confirm  th e  optim istic evaluation ol 
Im am aliev  in  experim ents on anim als. W hether and  how far lyophilized 
grafts are appropriate  for bridging over diaphyseal defects I  cannot tell
According to  the  
tasks given to  the 
g ra ft in  bone tra n s ­
p lan tation , th e  follow 
ing possibilities are 
offered:
1. B ridging over of 
a bone defect by  a 
free tran sp lan t;
2. G rafting in order 
to  stim ulate  bone re ­
generation ;
3. Grafting performed 
m erely to  fix th e  frag­
m ents.
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F ig . 18b. R ep lacem en t o f h u m eru s  by  au to logous fibu la  g ra ft. Case 2
from  my own experience. A t any  ra te , the  slighter m echanical s treng th  of 
these grafts com pared with deep frozen ones has to  be taken  in to  account 
w ith  th e  operation technique (Fig. 22).
F or onlay grafts, e.g. w ith pseudarthrosis, and  for spongious filling m ate ­
rial w ith bridging over bone cavities and  stiffening of the  spine, satisfactory  
results have been obtained by  us for years, using alm ost exclusively hom o­
logous bone m aterial frozen and  kep t a t  —30 °C for onlay grafts, e.g. w ith 
pseudarthrosis and  for spongious m ateria l to  fill up bone cavities, as well 
as for stiffening of th e  spine in operative trea tm en t of scoliosis (Figs 23a 
and  23b). F or fixation  of osteotom ies, deep frozen and  adequately  prepared  
g rafts  from bone bank  proved to  be m ost suitable as screwing m aterial, 
ex ternal sp lin t or even as a kind of m edullary  peg in  hundreds of cases 
tre a ted  in  our Clinic (Figs 24a, b and  c). I t  is advantageous for th e  p a tien t 
th a t  by  using th is osteosynthetic m aterial no second operation is needed. 
I ts  d isadvantage, however, is th a t  no tru e  osteosynthesis can be achieved 
w ith  it  as it is possible w ith  m edullary nailing. The m ost we can a tta in  is 
early  m obility, b u t no early  weight bearing of th e  limb.
The results of tran sp lan ta tio n  are g reatly  dependent also on careful opera­
tive technique which causes no more dam age to  the  g ra ft bed as i t  is inevit-
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F ig . 19. D iaphysis rep lacem en t o f th e  h u m eru s b y  au to logous fib u la  g ra f t
able. L exer’s requirem ent th a t  the  g ra ft m ust be inserted  as a carpenter 
would do it  and  kep t in  place securely, guarded com pletely against m echani­
cal injuries by  ex ternal or in terna l fixation  is valid  ju s t as before. In  add i­
tion, it  should be pointed o u t th a t  th e  m aterial used for osteosynthesis 
m ust be histologically com patible and  resistan t to  corrosion. In  opposition 
to  circum stances present in th e  trea tm en t of fresh fractures, persisten t gaps 
betw een th e  g ra ft bed and  the  g ra ft alm ost always lead to  failure of the  
operation, since here th e  forces of regeneration are no t sufficient to  bridge 
over even sm all gaps. I t  can be s ta ted  th a t  th e  tim e of healing of tran sp lan ts  
given in  th e  lite ra tu re  is usually  too short. I f  the healing tim e of a diaphyseal 
tran sp lan t is given by  an au th o r as 8 to  12 weeks, we m ust regard  such a 
rep o rt w ith  th e  g reatest scepticism.
The m echanism  of frac tu re  healing is by  no means clarified in its details. 
F o r the  clinician it  is im p o rtan t to  have some knowledge of th e  circum stances 
th a t  m ay delay th e  process of healing of a bone wound. In  m y opinion, th e
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F i g . 20. R ep lacem en t o f tib ia  by  hom ologous fibu la  frag m en t
F ig. 21. G ian t cell tu m o u r o f th e  tib ia  head . The p ro x im al p a r t  o f  tib ia  w as resected  
an d  th e  defec t b ridged  o ver b y  au to logous fibu la  an d  it hom ologous g ra f ts  from  bone 
ban k . T he gap  betw een  th e  bones w as filled w ith  spongious bone (bank)
m ain task  of th e  clinician is to  p ro tec t the  bone wound from  all those cir­
cum stances known from  clinical practice and  experim ental observation 
th a t  m ay d istu rb  the  course of repair. B y th e  way, we m ay be con ten t w ith 
th a t  s ta tem en t th a t  a bone wound becomes healed even w ithout our assis­
tance and  th a t  our task  consists essentially in tak ing  care th a t  th is healing
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F ig. 22. P seu d arth ro s is  o f th s  d is ta l p a r t  o f th e  hum erus bridged over by  freshen ing  
th e  bone ends an d  em ploy ing  bone b o lt and  on lay  g ra f t. F o r  b o ltin g  and  o n lay  g ra ft, 
hom ologous deep  frozen sp lin te rs  w ere used from  bone bank
Fig. 23a. O pera tive  techn ique  for scoliosis used in  ou r Clinic
m ight take  place in a  s ituation  favourable for la ter function. N um erous 
possibilities can d istu rb  the  course of healing. However, so far I  have not 
seen th e  possibility to  shorten  the  dura tion  of healing beyond physiological
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F ig. 23b. Case o f  scoliosis o p era tio n . The tim e needed for reso rp tio n  an d  o rgan iza tion  
o f these hom ologous tra n sp la n ts  — in c o n tra s t to  au to logous m a te ria l — is longer
F ig . 24a. O ur techn ique  o f o p e ra tiv e  red u c ­
tio n  o f  th e  h ip , p las tic  o p era tion  o f th e  roof 
o f  a ce tab u lu m , an d  co rrec tio n a l o steo tom y  
o f  th e  p ro x im al p a r t  o f th e  fem ur
lim its. Thinking of the  g reat num ber of open questions we can be consoled 
by  th e  som ew hat resigned verse of C hristian M orgenstern:
“ E s fr iss t im  W eish e its fu tte rsaek  
E in  jeglich  M aul ein  W eilchen 
D och nie e rre ich st oh Schabernack  
D ie le tz ten  B o d en te ilchen .”
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F ig. 24b. E x am p le  of 
o p e ra tiv e  red u c tio n  o f 
th e  h ip
F ig. 2 4 c. Malleolar frac­
ture fixed by homologous 
bone screw
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C l i n i c a l  observations have shown th a t  com pressed cancellous surfaces are 
united  more rapidly and reliably under compression th an  w ith simple 
im m obilization. The m ethod of compression has, therefore, been em ployed 
also in fractu res where instead  of cancellous surfaces com pact cortical su r­
faces have to  unite. As regards mechanism, according to  some authors, all 
th a t  is achieved by  compression is precise and  safe im m obilization so th a t  
its  action is purely  mechanical, whereas others m ain tain  th a t  com pression 
prom otes osteogenesis. The aim of our experim ents was to  furnish d a ta  to  
decide th is problem  and  to  find th e  physical explanation  or, a t least, a p hys­
ical parallel of th is phenom enon.
B asset and  Becker (1962) dem onstrated  th a t  electric po ten tia l was gener­
a ted  when bones were ben t: it was negative on th e  concave and positive on 
th e  convex side. This would m ean th a t  negative electricity  arises where 
compressive, and  positive electricity, where trac tiv e  forces are predom inant. 
This observation encouraged us to  stu d y  physical phenom ena observable 
a t  the  com pression of bones. The H ungarian  B ureau of S tandards m ade a 
repetition  of Basset and  B ecker’s experim ent possible. A fter rem oving the  
tib ia  of rabbits, we m ounted on it  tw o silver-chloride electrodes opposite 
each other and  m easured th e  po ten tia l difference between them  by an oscil­
latory-capacitor electrom eter of large in p u t resistance (1012—If)4 Q), ty p e  
O R IO N -K E T I 2517M.
N egative po ten tia l was found to  have arisen on the  concave side of the  
ben t piece of bone, th e  m agnitude of which was directly  re la ted  to  the  ex ten t 
of deform ation. Bending in  the  opposite direction w ith  unchanged electrode 
arrangem ent, resulted  in a po ten tial of opposite polarity . The m agnitude of 
the po ten tial difference am ounted to  abou t 500 /<V.
In  the  second stage of our work, we tried  to  find a  phenom enon resem bling 
th e  one described above in the  physics of crystals. W hen loading common 
rock salt crystals asym m etrically, F ischbach and  Nowick (1958) observed a 
phenom enon sim ilar to  th a t  described by  Basset and  Becker th a t  a po ten tial 
difference arose between th e  com pressed crystal surfaces.
Since these authors observed the phenomenon while studying the Gyulai- 
H artly  effect (1928a, b) it was natural for us to  wonder whether this effect 
might also be observable on bone specimens. Gyulai found th a t unilateral 
pressure caused a sudden rise in the electric conduction of crystals. The
S ym p. B iol. H ung . 7, p p . 133—135 (196 7)
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rise occurs a t  the  m om ent of 
loading, and it takes abou t 
five m inutes for the  con­
duction to  regain its  original 
value. Such rises occur again 
if the  pressure is repeated, 
provided each load is greater 
th a n  th e  preceding one. 
Gyulai and  H a rtlv  observed 
th is  phenom enon on NaCl 
m onocrystals, whereas the 
inorganic m a tte r  of the  bone 
consists of hydroxyapatite  
crystals.
Our experim ents have 
shown th a t  th e  conductiv ity  
o f th e  bone specim en also increased when electric curren t was tran sm itted  
and  th e  specimens were compressed. The bone te s t pieces used by us were 
parallelepipedal, 2 to  3 m m  th ick  w ith a surface of abou t 0-5 cm2. We used 
G yulai-H artly ’s com pression appara tus and  applied 100 to  120 V. The th o r­
oughly dried specimens were statically  insulated, and  the  in ten sity  of the  
cu rren t was m easured by  a Zeiss projection electrom eter. A brup t pressures o f 
10, 20, etc. kg/cm 2 caused sudden increases in the  conductiv ity  of th e  samples, 
b u t the  conduction curren t decreased a fte r some five m inutes. The whole p ro ­
cess was a  replication o f th e  G yulai-H artly  experim ent (Pig. 1).
In  th e  th ird  phase of our experim ents we tried  to  find  other sim ilar features 
of bone and  a crystal system . I t  was logical to  presum e th a t  bone behaves 
as a specially arranged group of crystals in  o ther respects, too. I t  is well-known 
th a t  exposed to  pressure, alkalihaloid powders recrystallize so th a t  it is 
possible to  compress the  finely pulverized crystalline m a tte r in to  pills, 
so-called disks. The consistency of the  disks is due to  a coalescence of the 
com pressed m inute crystallites, and  a  microscopic inspection shows th a t 
th ey  are larger a f te r  compression th an  in the  original powder. D ried and 
pulverized bone could likewise be com pressed in our experim ents into disks, 
and  it  recrystallizes quite as readily  as pow dered alkalihaloids.
The possibility of disk form ation reveals ano ther aspect of compression. 
The fact th a t  pulverized bone which has lost m ost of its organic substances 
during long storage is capable of being cem ented into a  solid block under 
pressure shows th a t  compression causes recrystallization, i.e. th a t  the  
crystallites, building stones of the  bone are more rap id ly  rem odelled and 
enlarged if  pressed together.
In  1934, one of the  present au thors dem onstrated  the  G yulai-H artly  
effect on alkalihaloid disks. The effect could readily  be dem onstrated  by  us 
on com pressed bone disks, too. I t  was found, however, th a t  changes in 
th e  specific conductiv ity  of th e  bones and  bone disks were 5 to  10 tim es 
larger th an  th e  values no ted by  Gyulai and  Boros (1940) in connection with 
potassium -brom ide and com m on-salt crystals.
Scale Electrometer values
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C O N C LU SIO N S
F rom  th e  above experim ents we can righ tly  suppose th a t  compression 
prom otes th e  healing of fractures a t  least in tw o ways. I t  seems justified  
to  assum e th a t  the  arising electric field influences th e  m igration of th e  ions 
of the  inorganic bony m a tte r  in a favourable sense, thus, accelerating its 
developm ent. Compression, applied to  crystal nuclei and crystals in form a­
tion , plays a sim ilar role. Investigations for a fu rth e r confirm ation of these 
assum ptions are in progress.
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SEGM ENT-PATHOLOGICAL CHANGES IN CALLUS FORM ATION
b v
K . P a p
CLINIC OP ORTHOPAEDICS, UNIVERSITY MEDICAL SCHOOL, DEBRECEN. HUNGARY
T h e  t h e o r i e s  of callus form ation are based on well founded experim ents 
and  facts. The best known theories concerning callus form ation are based on 
com pression (K rom pecher 1937, R oux 1895), im m obilization (W atson- 
Jones 1943) and  sterile in flam m ation (K üntscher 1950). O ptim al blood 
circulation proved to  be of essential im portance in callus form ation.
These theories—though  apparen tly  d ivergen t—are all valid, though 
in  a  segm ental sense. B y th e  term  ‘segm ental’ we m ean th a t  each segm ent 
of the  ex trem ity  has its  own biological milieu, no t only th e  trad itional 
proxim al, m iddle and  distal th irds, b u t also th e  sm aller segm ents, e.g. the  
upper th ird  of the  tib ia  can be subdivided in th ree m inor segm ents (Fig. 1). 
A fractu re of the  m ost proxim al segment is generally an  articu lar fractu re 
as well. In  such cases a tten tio n  should be paid  to  the  involvem ent of the 
epiphyseal cartilage which has a special im portance in th e  young organism . 
In  fractures of the  middle segment the  branching of th e  a rte ry  should be 
tak en  in to  consideration since th e  ru p tu re  of th e  a rte ry  m ay cause an  u nsa tis­
facto ry  callus form ation in  spite of the presence of th e  spongious bone 
and  th ick  muscles. The lowest segment of the  upper th ird  of th e  tib ia  is the  
tran sitio n  zone betw een th e  spongious and  com pact bone. F racture healing 
in this p a r t  is generally good, b u t th is is the  site of preference of la ten t 
fractures.
As regards jo in ts  in callus form ation, one m ust consider no t only the 
cartilage surfaces, bones and  ligam ents, b u t also th e  surrounding tissues, i.e. 
muscles, vessels, nerves, and  the  function of th e  jo in t and  its m etabolism . 
Taking in to  consideration all these aspects, th e  term  ‘a r th ro n ’ has been 
given to  the  jo in t (Fig. 2). In  a thorough stu d y  of callus form ation we have 
to  investigate n o t only th e  physical, chemical and  histological characteris­
tics, b u t also the  biological ones. This conception was th e  p ractical ground 
of introducing our ‘directed  active m ovem ent th e ra p y ’ in the  trea tm e n t of 
certain  fractures.
As a result of num erous clinical observations, we m ay conclude th a t  
every  segm ent has its  own biological forces which dom inate regular callus 
form ation and  determ ine th e  u ltim ate  fa te of the  fracture.
The biological conditions stim ulating  callus form ation are as follows: 
optim al blood circulation, th e  action of muscles and  the  so-called osteo- 
tropism  (Fig. 3a and  b; P ap  1941). This la tte r  biological force is no t fully
137
F ig . 1. Sogm ents of 
th e  u p p e r th ird  of th e  
tib ia
understood so far. I t  is sim ilar to  neurotropism  and 
it  m ay be a special m anifestation of th e  regeneration 
of th e  living bone segment. The fractu re ends which 
have been greatly  dislocated, will find each other and 
consolidate (Figs 3 to  5). I t  is known th a t  callus form a­
tion  m ay be influenced by  nervous alterations causing 
either resorption or overproduction of callus. F rac­
tu re  healing is very  good in  cases of cerebral palsy and 
in m entally  deficient patien ts. P robably  the  effect of 
Child’s gradient has to  be considered in fractures. I t  
is known th a t  th e  fractures of the  face, shoulder and 
pelvis and  those of the  proxim al ends of the  ex­
trem ities generally heal better.
D uring our studies on callus form ation, in the  light 
of segm ent-pathological variations, we have observed 
certain  conditions inhibiting  the  norm al process of 
callus form ation.
1. Inner decubitus is encountered in cases when a 
fractu re  end presses th e  soft tissue from  inside, p ro ­
voking first a block of circulation, th en  bionecrosis, 
followed by  actual necrosis (Fig. 6).
2. Local shock ensues in such segm ents where, in 
spite of slightly dislocated frac tu red  ends, th e  local 
blood circulation is seriously d isturbed. Local schock 
is characterized by the  form ation of bladders and  a 
pale cyanotic skin (Figs 7 and  8).
3. Ischemic contracture and  myositis ossificans occur 
in  certain  segm ents, especially in  th e  elbow.
4. Scarring  is a  common com plication of fractures. 
The cicatrizing surrounding tissue m ay have a re ta rd ing  effect on fractu re  
healing or it m ay lead to  pseudarthrosis.
5. Bone necrosis is encountered according to  Böhler in  th e  m ajority  of 
fractures. B u t where th e  segm ental muscle m antle is th ick  and  blood circula­
tion  is uninhibited, bone necrosis is of no im portance, because a muff-like 
callus is form ed and  the  fractu re  will consolidate in due tim e (Fig. 9a, b). 
Circulation can be stim ulated  by active motion.
6. F inally , th e  various swellings m ay  be m entioned, i.e. grav ita tion , 
inactiv ity  and  strangu lation  oedema. A fter loosening th e  pressing p laster 
cast, active exercises are recom m ended. The g reater the  swelling, the  
more actively  should the  p a tien t perform  the  prescribed exercises (W atson- 
Jones 1943)!
=  A R T H R O N
F ig . 2. Schem e o f  th e  
‘a r th ro n ’
As a conclusion we can s ta te  th a t  bones are sensitive to  circulatory  d is tu rb ­
ances. This sensitiv ity  is increased in case of fractures. Compression and 
im m obilization are im p o rtan t in th e  fractures of m ost segments, b u t optim al 
circulation is, in our opinion, the  decisive factor. This is confirmed by rib 
fractures healing very  well in spite of perm anent breath ing  m ovem ents
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F ig . 3. Schem e o f th e  essence o f ‘o s teo tro p ism ’ (a an d  b) 
O steo trop ism  in ex p erim en t on ra b b it (c) and  observed  
in h u m an  frac tu red  bone (d)
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F ig. 4. Osteotropism mani­
fests itself not in all direc­
tions around the fractured 
ends, but. only on the sides 
of the bones facing each 
other
F ig . 6. In n e r  decu b itu s  caused b y  th e  in n e r  p resssu re  
o f th e  bone frag m en t. T he so ft tissue becom es f i r s t  
ischaem ic (a), la te r  n ecro tic  (b), th e  fin a l re s u lt b e in g  
th e  n o n -un ion  o f  th e  fra c tu re  e n d s
Fig. 5. H ealing  o f  a  fra c tu re  
in  th e  low er segm en t o f th e  
fem ur. O steo trop ism  is p re ­
sen t in  th is  reg ion  an d , 
t herefore , bony  conso lida tion  
occurred  in  sp ite  o f the  d is ­
loca tion  o f  th e  frag m en ts
F ig. 7. L ocal shock in  a m alleo la r fra c tu re  w ith  in ­
significant, d is location  (a). The local c ircu la to ry  d is­
tu rb an ce  caused b lad d ers  (b)
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F ig . 8. Local shock  o f a  g re a t e x te n t  in  a  fra c tu re  
o f th e  u p p e r th ird  o f  th e  tib ia . N o te  th e  large b la d ­
d e rs  in d ica tin g  serious local d is tu rb an ce  o f c ircu la tion
F ig. 9. Schem e o f m uff-like callus o f a  fra c tu red  bone (C harnley). P e rio s tea l callus 
m ay  be form ed even  d u rin g  con tinuous m otion . A fte r the  fo rm ation  o f th e  p erio stea l 
callus, th e  endostea l an d  o stea l callus will develop  u n d is tu rb ed ly . N o in te rn a l o r e x te r ­
n a l f ix a tio n s  a re  needed (a). F ra c tu re  o f th e  fem ur o f  a  child  aged 4 years . A fte r th e  
fo rm ation  o f a  m uff-like callus, th e  fem ur is clin ically  firm  21 d ay s a f te r  th e  in ju ry .
N o te  th e  cen tra l gap  betw een  th e  ends w hich will la te r  d isap p ea r (b)
F ig . 10. E x p e rim en ta l 
oblique fra c tu re  on the 
8 th  rib  o f  th e  ra b b it  (a). 
N ote the d is location  w hich 
occurs w ith  ev ery  b re a th ­
ing  (b). N evertheless, 
fra c tu red  rib s  a re  know n 
to  conso lida te  early
(Figs 10 and 11). For detailed  segm ent-pathological description see P ap  
(1963). In  Fig. 12 a scheme is presented on th e  segm ent-pathological changes 
of the  lower ex trem ity .
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F ig. 11. H isto log ica l p re ­
p a ra tio n  o f  a  fra c tu red  rib  
(rabb it) 15 d ay s  follow­
ing  in te rv en tio n . C hon­
d ra l an d  desm al callus 
fo rm atio n  as  w ell as new  
fo rm ation  o f  bone 
(Z. P a p p  an d  Szigeti)
F ig. 12. Schem e o f th e  segm en t-pa tho log ica l 
changes o f th e  low er ex trem ity . T he effect 
o f b io logical fac to rs  fav o u rab ly  in fluencing  
th e  course of fra c tu re  healing  a re  observ ­
ed in  th e  u p p e r th ird  o f th e  fem ur. The 
low er segm en ts o f  th e  tib ia  ap p e a r  to  be 
m ore liab le  to  segm en t pa tho log ica l changes. 
T he superposition  o f segm en t pa tho log ica l 
changes m ay  m odify  o r d e te rm in e  th e  fa te  
o f  som e frac tu res
Osteotropism
Local shock 
Pseudoarthrosis 
Deform, arthritis
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STRU CTU RE-FO RM IN G  R O L E  OF FU N C TIO N  IN  T H E  H E A L IN G
OF FRA CTU RES
by
G. B e r e n t e y
I. SURGICAL CLINIC, UNIVERSITY MEDICAL SCHOOL, BUDAPEST, HUNGARY
T h e  p r in c ip a l  aim  of fractu re trea tm e n t even thousands of years ago was 
to  a tta in  good functional results, because the  persons who suffered in ju ry  
during their struggle for existence w anted to  use th e ir in ju red  extrem ities 
as soon as possible. I t  is highly probable th a t in th e  group of fractu res in  
which th e  reduction of function was caused by pain  alone, forbearance and  
trea tm en t lasted  only as long as pain  was felt. The reduction of fractures 
w ith  considerable dislocation was also aided by  m an’s aesthetic sense. 
Setting th e  in jured  m em ber in repose decreased th e  pain, b u t a t  th e  same 
tim e atrophied  the  tissues th a t  had ensured good function. The knowledge 
of the  trea tm e n t of fractures during th e  p ast centuries has been developed 
for the  purpose of solving the  contradiction th a t  the aim  of trea tm e n t is 
th e  resto ration  of norm al function and  the  m ovem ent of th e  ex trem ity , b u t 
th e  m eans by  which it  was done was setting  it in repose.
As a branch  of m odern m edical science, traum ato logy  is undergoing a 
significant developm ent. This im p o rtan t problem , however, is to  some ex­
te n t unsolved even today  and, therefore, the  a tten tio n  of research and  clini­
cal workers is focussed on questions of detail concerning callus form ation 
and  fractu re  trea tm en t. During th e  past decades frac tu re -trea tm en t m ethods 
have followed one another; th e  developm ent and  technical perfection of 
X -ray  exam inations have p erm itted  a more thorough scientific cognition 
of details. B u t, a t th e  sam e tim e, th ey  have also resulted  in th e  spreading 
of the  view th a t  a resto ration  of perfect anatom ical form m ust be aim ed a t 
in healing each fracture. A subsequent insufficient function of anatom ically  
well-set fractures has again called a tten tio n  to  th e  tru e  aim  of fractu re 
trea tm en t: the  possible best resto ration  of th e  function  of th e  in jured  p a rt 
of th e  body, and so th a t  of th e  whole organism . This stim ulated  th e  develop­
m ent of various m odern fractu re  trea tm en ts, each of which endeavours in 
its  own w ay to  solve th e  contradiction th a t  the  ensuring of tissue repose, 
necessary for the  resto ration  of th e  original biological form, or the  perfect 
restoration  of th e  bone stru c tu re  som etimes im pairs th e  working of the  
tissues ensuring function to  such an ex ten t th a t  norm al function cannot be 
re-established a fte r the  resto ration  of bone continuity .
According to  the  fundam ental principle of one of th e  frac tu re -trea tm en t 
tendencies in practice today , th e  displaced fractu re  ends m ust be f itted  
together and  kep t fixed un til th e  bony callus is form ed and, while exercising 
th e  non-fixed jo in ts continuously, th e  functioning of th e  fixed segm ents
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m ust be restored afte r rem oving the plaster. During the  application of this 
trea tm en t m ethod, while w aiting for th e  fractu red  bones to  set under the  
p laster dressing, such secondary alterations in the  fixed ex trem ity  sections 
m ay ensue which will no t disappear altogether and so influence the  healing 
disadvantageously. The adherents of ano ther frac tu re -trea tm en t tendency 
do no t em ploy ex ternal fixation  a t  all to  m aintain  function, or only fix 
th e  fractu red  bone in such a m anner th a t  th e  advantageous s tru c tu re ­
form ing effect of function should be able to  assert itself everywhere. O thers 
profess to  be the  followers of the  functional view. T heir m ethod o f trea tm en t 
is confined only to  the  bone tissue by bringing abou t a rigid in terna l fixation 
in  th e  fractu red  bone a bone-unifying operation. This allows the  earliest 
use of the  tissues which bring abou t m ovem ent of muscles, ligam ents, te n ­
dons, etc. and  so avoid ‘fixation  disease’ and all its  unfavourable conse­
quences. A ctually, good function does no t cease, and  the  prospects of m ain­
tain ing  i t  are favourable.
In  th e  p ast 25 years we have w itnessed a significant developm ent of the  
bone-unifying surgical procedures. The greatest result, however, is not the  
d iversity  of these m ethods, b u t th e  general recognition of th e  principle 
th a t  the  bone-unifying operation is perform ed prim arily  for re-establishing 
function, while the  reconstruction of form  is only of secondary im portance.
One of th e  m anifestations of functional trea tm en t now prevailing in the  
tre a tm e n t of fractu res is th e  d irected-m ovem ent trea tm e n t e laborated  
in Debrecen. According to  our experience, we believe th a t  i t  is su itable 
for bringing abou t bone healing in a certain  group of fractures w ithout 
em ploying e ither ex ternal or in ternal fixation, and, in  the  light of our seg­
m ent-pathological knowledge, to  re-establish proper function. In  those 
types o f fractures where the  omission of ex ternal fixation would involve the 
danger of the  failure of bony unification, i t  would be advisable, in addition 
to  th e  acknowledged classic m edullary nailing, to  follow the  bone-unifying 
operative technique elaborated  by  th e  Arbeitsgemeinschaft fü r  Osteosynthese. 
The la tte r  procedure alm ost im m ediately gives the  in jured  ex trem ity  a 
possibility o f com plete function a fte r the  reconstruction of bone co n ti­
nuity . E arly  function ensures healing, prevents ‘fixation  disease’, and by 
the  tim e the  callus appears, com plete function can be expected.
The question is which are th e  clinical observations as a resu lt of which 
we m ay rely on th e  success of th e  m ethod of trea tm en t, m entioned above, 
and which direct our a tten tio n  to  the  p rim ary  role of function in  callus 
form ation, too.
1. F avourable biological milieu necessary for callus form ation can only be 
im agined in functioning ex trem ity  segm ents and  only in the  in terest of 
function. N on-function o f p a r ts  of th e  body can only lead to  atrophy .
2. Though ideal fittin g  of fractu red  bones is m ost advantageous for th e  
healing of fractures, num erous observations verify th a t  excellent ex trem ity  
function m ay be a tta in ed  even w ithout it, if the  trea tm e n t can be carried 
o u t in the in terest of function.
3. Even a fte r ideally fitted  and  set fractures one m ay often see the  devel­
opm ent of the  ‘fixation disease’ and its unfavourable consequences.
1 4 4
F ig . 1. S u p ram alleo la r tib ia  p seu d o arth ro s is . B esides a  rig id  u p p e r ta lo c ru ra l jo in t, 
m o tio n  b rings a b o u t a  surface s im ila r to  th a t  o f th e  ta lu s
This can be observed m ostly  in such cases in which ex ternal fixation  and  th e  
lack of function  accom panying it has exerted  its  harm ful biological effect 
for a  long tim e.
4. Clinical p ractice can provide num erous characteristic exam ples of th e  
decisive effect of function on the  developm ent of structu re . Below, a few 
exam ples are presented regarding callus form ation and bone healing.
(a) I t  is com m only known th a t in the  case of shin frac tu re  the  setting  
of th e  bone very often fails to  ensue in the  tib ia , if th e  early  reconstruction 
of th e  bone con tinu ity  of th e  fibula results in its propping up. In  such cases 
the  biological stim ulus so necessary for the  setting  of bones, the  pressure, 
th e  muscle tone, etc. m anifested during th e  course of n a tu ra l function,
F ig . 2. S u p raco n d y la r fem ur p seudoarth ro s is . In  ease o f a  rigid knee, a  s tru c tu re  
s im ila r to  th a t  o f a  knee a r tic u la tio n  is b ro u g h t a b o u t in  th e  pseudojo in t
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F ig . 3. X -ra y  p ic tu re  o f  a n  open  sh in ­
bone frac tu re  w ith  com plications
exercise no influence on th e  b ro ­
ken ends of the  tib ia . The fractu re  
of the  tib ia  usually sets sufficiently 
afte r a fibula osteotom y is perform ­
ed to  avoid a th rea ten ing  pseu­
doarthrosis.
(b) D uring the  trea tm e n t of 
fractures ad jacen t to  jo in ts, a 
considerable lim itation  of the 
m ovem ents of th e  jo in ts ensues 
on account of th e  leng thy  ex ter­
nal fixation. I f  in such cases, in 
th e  very  in terest of th e  resto ra­
tion  of jo in t function, th e  p laster 
dressing is rem oved before the 
com plete setting  of the  callus, and 
we begin to  move th e  jo in ts h ith ­
erto  incapable o f motion, th e  organism  itself frequen tly  brings abou t the  
necessary m ovem ents on th e  given segm ent of the  ex trem ity  m uch easier 
by loosening th e  no t y e t set callus th an  by loosening the  jo in t tissues th a t  
have sh runk  as a resu lt of th e  lengthy fixation. In  such cases the  provoked
function results in such a  s tru c­
tu re  in th e  callus which is very  
sim ilar to  th a t  of the  adjoining 
articulation, thus, proving th a t  
this suits th e  biom echanical re­
quirements best in th e  section of the 
given ex trem ity . A good exam ple 
of this is th e  supram alleolar pseu­
doarthrosis shown in Fig. 1. In  such 
a region th e  bone con tinu ity  is 
generally easily re-established, 
yet, on account of th e  lack of 
m otion of the  talocrural articu la­
tion, a joint-like s tru c tu re  devel­
oped instead  o f a callus, because 
the organism  a ttem p ted  to  bring
F ig . 4. A fte r rem oval o f  th e  necro tic  
tib ia  segm en t, a  p seudoarticu la tion  
developed  w ith  s ig n ifican t defect
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F ig . 5. A fte r sh iftin g  th e  fibu la , th e  
bone assum ing  th e  function  o f th e  tib ia  
h as  been tran sfo rm ed  s tru c tu ra lly , too 
(it h as  ‘tib ia lized ’)
abou t th e  lacking m ovem ents here 
a t  th is particu la r section, and  th is 
is why th e  d istal fractu red  seg­
m ent developed like a talus. C har­
acteristic of th e  phenom enon, 
m entioned above, is th e  second 
case, too  (Fig. 2), where, on account 
of the trea tm ent com plications of 
th e  fem ur fracture, it was neces­
sary  to  apply  a p laster fixation 
for a ra th e r long tim e. Before the 
bony unification of the  fractu re 
ends was com pleted, the  fixation 
was te rm in ated  and  exercising of 
th e  knee m ovem ents was started , 
because it was feared th a t  the 
m ovem ent of th e  knee jo in ts would be lost for good. This procedure brought 
abou t th e  developm ent of a knee joint-like s tru c tu re  and function.
(c) The structure-transform ing  capacity  of function is best verified 
by  those cases where the  replacem ent of the defects of the  tib ia  was carried 
out. in  these cases it m ay be 
observed th a t as long as there is 
defect in the tibia, a lim ited th ick ­
ening will be brought abou t on the 
fibula only a t the  site subjected 
to  the g reatest flexion, because 
th e  s tru c tu re  ad ap ts  itself to  the  
aphysiological function in this 
m anner. Inasm uch as th e  fibula 
is em ployed for abridging th e  tib ia  
defect during the  course of the  
operation, and  so assigning to  it 
th e  role of th e  tib ia , in a short 
tim e the  transp lan ted , i.e. the  
shifted, fibula having assum ed the  
function of the  tib ia  is transform ed 
in such a m anner as to  be able 
to  m eet the  requirem ents of the
F ig . 6. B y  osteotom y o f the subcondylar 
tib ia , th e  load ing  o f  th e  e x tre m ity  
w as in su red  in  th e  r ig h t d irec tion
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F ig . 7. T he fibu la  su b s titu tin g  th e  
tib ia  defect f irs t ta k e s  over its  fu n c ­
tion , th en  becom es sim ilar to  it in  
s tru c tu re , too
altered use. Under the influence 
of the tibia function, the structure 
of the bone also becomes similar
to  i t —the fibula ‘tibializes’. Those 
p arts  of th e  fibula which do no t 
function, become practically  a tro ­
phied during th is tim e. The in­
crease or decrease of the  function, 
in o ther words its changes, a lter 
th e  stru c tu re  in its own in terest. 
An exam ple of th is is the  follow­
ing case. A 23-year-old m an 
suffered a fractu re of th e  shin as a 
resu lt of a traffic accident. The 
open fragm entary fractu re  became 
com plicated by  osteom yelitis (Fig. 
3). After th e  rem oval of th e  necro­
tized bones, a w idespread defect 
of the tib ia  rem ained (Fig. 4). The 
shifting of the  fibula restored the 
continu ity  of the  shin and, under 
th e  influence of function, the  fibula 
tibialized (Fig. 5). The axis of the  
ex trem ity  was restored by  osteo­
tom y (Fig. 6), w hereupon th e  p a ­
tien t, w ithout resorting to  any 
appliance, regained his ab ility  to  walk and  his capacity  to  work.
The following is an exam ple of the  s tru c tu ra l transform ation  ensuing as 
a resu lt of th e  operation m entioned above; the  shifting of th e  tib ia  was 
sufficient to  abridge the  tib ia  defect which had  developed as a  resu lt of 
osteom yelitis, because th e  sh ifted  bone portion firs t took over th e  function of 
th e  tib ia  and  th en  its  form  (Fig. 7).
I f  a graft is placed in the tibia defect, the free graft will get into a much 
more unfavourable biological milieu than  the shifted fibula. The following 
figures show the results of such an operation.
The open, fragm entary  shin fractu re  of a 24-year-old m an (Fig. 8), com pli­
cated  b y  osteom yelitis. The broken segm ent necrotized and  a defect rem ain­
ed a fte r its  rem oval (Fig. 9). The defect was replaced by  an autoplastic 
tib ia  sp lin ter (Fig. 10) 14 m onths afte r th e  in jury . A year afte r the  operation, 
in  sp ite of th e  fact th a t  th e  p a tien t was already walking w ith  th e  help of an 
appliance and  was able to  move his joints, no essential change of form 
was to  be seen e ither on th e  fibula or the  tran sp lan t (Fig. 11). A nother year
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F ig. 8. X-ray picture of an open, frag­
mentary shin-bone fracture
F ig. 10. Autoplastic tibia graft substi 
tu ting a tibia defect
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Fig. 9. Defect which developed after 
the removal of a necrotic bone
Fig. 11. No significant reconstruction 
has yet appeared in the transplant one 
year after transplantation
Fig. 12. A n o th e r y e a r  la te r  a  fa tigue  fra c ­
tu re  can  be observed  in  th e  tr a n sp la n t
F ig. 14. S upp lem en ting  th e  tib ia  defec t b y  fibu la  sh ifting  from  th e  sam e side 
an d  tra n s p la n ta tio n  o f a  fib u la  segm en t from  th e  opposite  side
la te r a fatigue fractu re  ensued in  the  g ra ft (Fig. 12). A preserved sp lin ter 
was th en  transp lan ted , b u t it took tw o more years for the  tran sp lan t to  devel­
op in to  a s tru c tu ra lly  suitable tib ia  su b stitu te  (Fig. 13). By th is tim e th e
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Fig. 1II. Two years a f te r  an o th e r bone tr a n s ­
p la n ta tio n  a  s tru c tu re  h as been  produced  
confo rm ing  to  th e  func tion  o f th e  tib ia
p a tien t was able to  discard his walking appliance and  resum ed his 
working as a tu rner.
In  th e  disease process of the  nex t patien t, a  sim ultaneous assertion of the  
above tw o viewpoints can be observed (Fig. 14). In to  a tib ia  defect of sim ilar 
origin as the  above, a fibula segm ent was tran sp lan ted  from  th e  o ther side, 
b u t a t  the  sam e tim e the  fibula of the  identical side was shifted to  the  proxim al 
tib ia  end. H ealing followed essentially fas te r th an  in  the  preceding 
case where th e  defect was abridged only by the  tib ia  splinter, b u t a fatigue 
fractu re  ensued in the  fibula segm ent also, and  th e  change of s tru c tu re  here, 
too, was seen to  appear la ter th a n  in  the  shifted  fibula, signifying th a t  the  
biological conditions for ad ap ta tio n  are m uch more unfavourable in  th e  
case of a free tran sp lan t th an  in th a t  of a  shifted  fibula re ta in ing  its  su r­
roundings.
A few characteristic examples have been collected in this report proving 
th a t the occurrences of callus formation and bone healing can be properly 
assessed only on the basis of functional treatm ent. The observations of the 
clinician co-operating in the healing of patients and following up the course 
of their healing stand in harmony with research results, too; all this proves 
the unity of theory and practice.
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E X P E R IM E N T A L  AND CLINICAL SOLUTIO N 
OF T H E  CALLUS PR O B LEM
by
G. K ü n t s c h e r
HAFENKRANKENHAUS, HAMBURG, GFR
T h e  a p p a r e n t l y  difficult solution of the  callus problem  can be sim plified by  
dividing it  in  two problem s: 1. th e  formation of callus, and  2. its  further fate.
Callus is form ed only by inflam mation, the  origin of the  inflam m ation 
being en tire ly  un im portan t. W hether callus is form ed owing to  chemical, 
therm ic, m echanical, allergic or bacterial stim uli, i t  displays th e  same features 
provided th e  in tensity  and  dura tion  of inflam m ation have been identical. 
B y experim entally  induced inflam m ation in th e  m edullary cavity , a  desired 
am ount of callus can be produced ranging from  th e  th innest periosteal layer 
up to  m assive sclerosis seen in osteom yelitis. N o callus formation can take 
place without inflam mation. The callus form ed following frac tu re  or osteo­
to m y  is of chemical origin, b rough t abou t by  breakdow n products arisen a t 
trau m a  or operative in tervention  owing to  destruction  and  dea th  of cells. 
Extensive callus form ation can be induced by  a very  simple experim ental 
procedure; by  introducing a sterile wire (as th a t  used by  florists) in to  the  
m edullary cav ity  of a  long bone. The rusting  wire brings abou t a chemical 
reaction leading to  extensive endosteal and  periosteal callus form ation 
(Fig. 1). A fine, periosteal layer induced in  the  same way is shown in Fig. 2. 
H ere a hum an fibula is shown in which th e  newly form ed periosteal layer 
was produced for the  purpose of transp lan ta tion . In  th is experim ent th e  
callus was p ro tected  from  m echanical stresses, so th a t  the  bone rem ained 
entirely  in tact.
The classic experim ent for callus production by pure m echanical effect is 
M artin’s experim ent (Fig. 3). M artin, however, did  no t recognize th e  m echan­
ical factor in his results. A fter resection of the  radius in th e  dog, th e  ulna, 
which is by  far th in n er th an  the  radius, was overloaded b y  mechanical 
s tra in  due to  in te rm itten t bending. B y  this excessive m echanical em ploy­
m ent callus form ation occurs displaying the  same features as th a t  occurring 
in the  experim ent in which iron wire has been employed. Here th e  w ay for 
hypertrophy  is open. K rom pecher has already dem onstrated  th a t  even in 
eases where no such excessive m echanical stresses are present, b u t loading 
is w ithin norm al lim its, fine periosteal bone layer is formed. The often  enor­
mous am ounts of calluses arising in pseudarthroses have a sim ilar explanation 
nam ely, as resulting from  m echanical overloading of th e  bone substance a t 
th e  fractu re  ends facing each other. In  such cases m ovem ent is n o t divided 
and  a tten u a ted  by the  interposed cartilage and so arthritis deformans m ay 
develop, in which th e  bones lying opposed to  each other in th e  jo in t are
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F ig . 1. E x ten s iv e  endostea l an d  p erio stea l callus fo r­
m a tio n  induced  b y  chem ical s tim u lus (ru s ty  w ire) in 
th e  tib ia  o f  th e  dog
overloaded due to  th e  insufficient function of 
th e  cartilage. This leads to  form ation of m arginal 
condensations which should also be considered 
as calluses. In  arthrosis deform ans all th e  signs 
of inflam m ation are dem onstrable. All these 
calluses form ed in different ways are sim ilar 
regarding th e ir histological features as well as 
their X -ray  appearance.
Chronic in flam m ation m ay cause enormous 
thickening of the  bone. F igure 4 shows an 
enorm ously th ickened tib ia  of th e  dog, persistent 
for tw o years, which was evoked by  introducing 
a  piece of sulphur in  th e  m edullary cavity . This 
procedure exerted  a sustaining stim ulus on bone 
which reacted  by  strengthening 100 tim es. H ere 
function and inflammation are of about equal value. 
We wish to  emphasize again th a t  the  calluses form ed a fte r fractu re  and 
osteotom y are of chemical origin and  so entirely  afunctional. The effect 
o f function asserts itself only in  calluses form ed by  chronic influences as in 
case of pseudarthrosis and  hypertrophy  m entioned above. (Here again it  
should be repeated  th a t  excessive stim uli lead to  inflam m ation.)
As a result of inflam m ation, tissular proliferation arises inducing bone in a 
few days and  autom atically  transform ing in to  bone, provided no m echanical
force intervenes by d isturbing or destroying it. 
Here th e  m echanical factor appears which will 
determ ine th e  fu rth e r fa te  of th e  callus, nam ely, 
w hether th e  fractu re gap will be bridged over by 
bone or by  pseudarthrosis. However, the  young 
callus is very  slightly  resistan t to  mechanical 
loading. I t  can be d istracted  to  a  very  small 
degree only as i t  tears a p a rt even if  slight tensile, 
jerking or shearing stresses are applied to  it. 
Compression can destroy  it. Therefore, all kinds  
of mechanical forces being only a little  too strong 
have a destroying effect on callus and  com pres­
sion is no t an  exception to  this rule, still less has 
it a prom oting effect on callus form ation. Such 
a stim ulating, favourable effect is only apparen t
F ig . 2. N ew  fo rm ation  o f  fine p e rio stea l bone lay e r 
ow ing to  chem ical in flam m atio n  induced  by  ru s ty  
w ire (hum an  fibula)
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as th e  fragm ents compressed to  each other are 
b e tte r pro tected  against la teral displacements, 
so th a t  by  compression a greater mechanical rest 
ensues in  th e  fractu re gap. I t  is ju st the  absolute 
immobilization th a t  is needed by  the  young callus 
tissue for its developm ent, i.e. p ro tection from 
g reater deform ations which would cause its te a ­
ring ap a rt. In  the  experim ents w ith ru sty  wire 
or sulphur, dem onstrated  in  th e  foregoing, the  
bone tu b e  was in tac t. H ere the developm ent of 
the  callus was no t d istu rbed  by mechanical 
influences.
Thus, a  mechanical differentiation, in the 
sense of R o u x ’s theory , th a t  compression forces 
bring abou t bone form ation, while trac tion  
forces evoke form ation of connective tissue does 
not exist. This is quite im possible because there 
is always a bi-axial tension during mechanical 
em ploym ent of bone, e.g. where th e  prim ary  
tension appears as compression force there  is 
always a  secondary trac tio n  force dem onstrable 
a t  righ t angle to  it  and  vice versa, where the  
p rim ary  force is trac tio n  there always exists a 
secondary compression force a t righ t angle to  it. 
This s ta tem en t is in agreem ent w ith the  fine 
experim ental results of M atzen on the  effect of 
compression. No hydrostatical compression can 
be dem onstrated  here; in th is respect I  am  en­
tire ly  in agreem ent w ith K rom pecher.
The difficult problem  of differentiation m ay 
thus be replaced by the  simple principle of 
m aintenance or destruction.
The practical conclusions draw n from these 
recognitions are of u tm ost im portance. Bony 
healing can be achieved only if prolonged and u n ­
in terru p ted  im m obilization is ensured. This has 
long been recognized in  clinical p ractice and it is 
known as Böhler's fundam ental principle. The 
best w ay of im m obilization of a fractu re  gap can 
be achieved w ith  a properly  applied m edullary 
nail. The nail should be driven elastically into 
the  broken fragm ents, and  lengthenings which 
occur even in strongest m echanical stra in  in the 
fractu re  gap are considerably slighter th a n  the  
deform ations m anifested in the unbroken bone 
owing to  identical strain . E ven if th e  fractu re  
gap opens abou t 18 mm, bony healing will 
eventually  occur.
F ig. !i. Martin’s experiment
F ig. 4. Callus fo rm ation  in 
ch ron ic  in f lam m atio n
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T he fractu re  which was practically  perfectly  im mobilized shows a  very 
in teresting  histological p a tte rn . We have been accustom ed in frac tu re  t re a t­
m ent w ith p laster or d istraction  bandage th a t  th e  sm all osseous spicules show 
an irregular arrangem ent in th e  fractu re  gap. H ere we also find cartilaginous 
and  m em branous islets, the  firs t signs of th e  provisional callus. In  com plete 
im m obilization by  m edullary nailing as well as in calluses developed follow­
ing chemical stim uli, no such preform ative stages are found since bony cal­
luses are ob tained  here directly.
The Swiss scientific working team  on osteosynthesis ( Arbeitsgemeinschaft 
fü r  Osteosynthese)  has developed, during very  carefully conducted ex­
perim ents, a m ethod consisting of screwing together th e  broken fragm ents, 
by  which absolute im m obilization was likewise achieved. Here, too, no 
preform ative callus has developed. This process of fractu re  healing has 
been term ed  by  th is working team  ‘p rim ary  bone form ation’. The term  
is appropriate, b u t it  m ay be m isin terpreted  as p rim ary  wound healing 
and, therefore, th e  term  ‘direct bone healing’ seems to  be more suitable. 
As Griessm an and  R eich dem onstrated  histologically in 1941, the  preform a­
tive stages of cartilage and  connective tissue are lacking in fractu re  healing 
following m edullary nailing. The arrangem ent of the  osteons showing a 
s tric t parallelism  is very  impressive. The same parallel p a tte rn  is obtained 
w ith  m edullary nailing, following chemical stim uli and  in M artin’s experi­
m ent. The osteons are arranged  along the  blood vessels which have arisen 
as a resu lt of inflam m ation. According to  K rom pecher, we have to  deal here 
w ith  angioplastic calluses (as has been form erly m entioned, function has 
no effect here; i t  is the  inflam m ation which is responsible for hyperaem ia and 
increase of vascularization). No such features have been no ted  by  th e  Swiss 
researchers who found only very  slight am ounts of periosteal callus or none 
a t  all in d irect bone healing, and  th ey  consider this finding as a characteristic 
featu re of th is  ty p e  of fractu re  repair. However, an  objection m ay be raised 
here, nam ely th a t  by  applying num erous bone screws in the  course of opera­
tive  procedure and by th e  large wound produced, th e  conditions for healing 
m ay be considerably d istu rbed  and th e  periosteum  m ay be unable to  develop 
such a callus.
These theoretical considerations have been splendidly confirm ed by clini­
cal p ractice em ploying closed m edullary nailing. In  more th an  800 cases 
im m obilization of the  frac tu re  gap by  proper m edullary nailing proved to  be 
sufficient for repair. Freshening of th e  fractu re ends, clearing of th e  pseud- 
arthrosis gap, g rafting of bone splinters, p laster c a s t—form erly in use — 
all proved to  be superfluous, even having a dam aging effect. As an  example 
I  wish to  present a case of pseudarthrosis of the  forearm  arisen following 
m edullary nailing. A lthough the  th in  wires have p revented  th e  lateral 
shifting of th e  fragm ents, satisfactory  im m obilization of th e  fractu re gap 
was no t ensured. By a simple replacem ent of the th in  wires with proper m edul­
lary  nails and  by  widening th e  m edullary cav ity  good repair was achieved 
(Fig. 5).
No doubt, undisturbed function  is of considerable im portance in bone 
healing in  the  sense th a t  blood circulation rem ains un touched  and  is even 
stim ulated  by  m uscular action. Finally, the  healing processes m ay be greatly
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F i g . 5. P seu d arth ro s is  o f  th e  fore-arm  form ed a f te r  m ed u lla ry  na iling , tre a te d  b y  
w idening o f th e  m ed u lla ry  c a v ity  an d  b y  closed nailing ; a  =  p rio r to  in te rv en tio n ; 
b =  soon a f te r  it ; c =  2 years  la te r , im m ed ia te ly  a f te r  rem oval o f th e  nail
affected by a local circum stance, nam ely, w hether or no t th e  wound has 
been opened. Non-opening of the  fractu re  site is very  im p o rtan t in the  
trea tm en t of fractures. E ven  30 years ago Götze and  B rakertz  pointed  out 
th a t  all operative reductions are associated w ith  an  increase of local acidity
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owing to  handling of soft parts, by which the danger o f infection is augm ented 
and  healing is re ta rded . This can be avoided if  closed m edullary nailing is 
perform ed or in terna l osteotom y, i.e. if osteotom y is carried ou t through 
the  m edullary  cavity . In  th is  w ay th e  large open w ound w ith all dangers of 
postoperative infection, especially th e  increase of local acidity , can be avoid­
ed. Am azing results have been o b ta in ed : extraord inarily  rap id  healing w ith 
unusually  accelerated filling of defects, resorption of bone protuberances 
and  rap id  reconstruction.
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FUNCTIONAL CALLUS FORMATION IN  ANKLE FRACTURES
by
E. M a k l á r y
CLINIC OF ORTHOPAEDICS, UNIVERSITY MEDICAL SCHOOL, DEBRECEN, HUNGARY
A n  o p e n  operation is frequently  perform ed on severe com m inuted closed 
fractures of th e  ankle, since in case of failure of closed reposition early  
arthrodesis of the  ankle is necessary. The resu lt is usually  satisfactory , 
because the  m ovem ent of the  talocrural jo in t—according to  th e  biom echan­
ical rule of equilibration of m ovem ents—is well replaced by  th e  neighbour­
ing ta rsa l and  m etatarsal joints, and  afte r a  tim e the  rig id ity  of th e  ankle 
is hardy  noticeable.
U ndoubtedly , th is operation has its disadvantages, too. I t  is no t so 
m uch the  surrounding scarring or the  circulatory disturbances (swelling) th a t  
cause difficulties, b u t th e  fibrous adhesions developing sometimes a t  the 
site of operation owing to  necrosis of the  ta lus or to  th e  wrong operative 
technique. The resu lt is a painful, complete or h a lf arthrodesis.
CASE R E P O R T
We wish to report on a case not only because the patient after dram atic 
antecedents showed a striking healing, bu t first of all, because she was 
treated  by directed active movement therapy, instead of the conven­
tional operative and plastering method.
B. G. a 53-year-old wom an tried  to  com m it suicide by  throw ing herself 
from  th e  upper sto ry  of th e  hospital where she was trea ted  for coxitis tu b e r­
culosa b y  perform ing an ischiofemoral arthrodesis on the  righ t side. A fter 
th e  fa ta l leap th e  p a tien t was in such a desperate condition th a t  in  the  
absence of th e  chief surgeon she was transported  to  our Clinic.
The p a tien t suffered th e  following injuries: com m inuted fractu re  of the 
left hum erus a t  th e  level of th e  surgical neck; an  oblique fractu re  w ith 
dislocation a t the  site of th e  ischiofemoral arth rodesis; com plete transverse 
fractu re  in the  proxim al th ird  of th e  righ t leg; com m inuted central fractures 
in bo th  ankles.
T R E A T M E N T
R eposition  of the  fractu re  of th e  hum erus and  placem ent of th e  arm  on 
an abduction splint. In itia tio n  of d irected  active m ovem ent therapy .
The righ t lower ex trem ity  was im mobilized by a hip spica for a period of 
eight weeks, considering th e  site of the arthrodesis and th e  frac tu re  of the
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F ig . 1. A n te ro p o ste rio r ro en tg en o g ram  
o f  th e  less severely  fra c tu red  (righ t) an k le
upper th ird  of th e  leg. I t  should be m entioned th a t  the  fractu re of the  ankle 
on th is side was relatively less severe th an  on th e  left side (Fig. 1).
In  the  case o f th e  left fractu red  ankle, we in tended  to  perform  an  a r th ­
rodesis in  th e  talocrural jo in t a fte r a couple of weeks and un til th a t  tim e 
we tho u g h t to  t re a t  the  in ju ry  by  our new m ethod m entioned above (Fig. 2). 
The reposition of the  fractu re  was perform ed b y  extension w ith  a 
screw and  passing a  Kürschner wire th rough  th e  calcaneum . A fter reposi­
tion, d irected  active m ovem ent trea tm en t was started .
The effect of th e  trea tm e n t of extension and m ovem ent was striking, 
th e  swelling of th e  ankle subsided and  th e  jia tien t was gradually  able to  
m ove her ankle w ithout pain. F u rth e r trea tm en t consisted of th e  applica­
tion  o f a U  shaped p laster cuff (in a  transverse direction) around th e  
ankle. The roentgenogram s tak en  8 to  10 days la ter revealed a ra th e r close 
re -ad justm ent of the  fragm ents (Figs 3 and 4), probably  due to  m otion. 
In  the  th ird  week, a fte r rem oval of th e  extension and  plaster cuff, a wooden 
box was placed in  the  bed against which the  p a tien t pressed her leg with 
increasing force. In  the  n in th  week th e  p a tien t was set on her feet an d  
m ade to  walk (Fig. 5).
D ISC U SSIO N
F o r abou t six years we have perform ed in  our Clinic, on th e  in itiative 
of Professor P ap , th e  d irected  active m ovem ent th erap y  in fractures of
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F ig . 2. Severe fra c tu re  o f  th e  le ft ank le
F ig . 3. A n te ro p o s te rio r ro en tg en o g ram  ot 
th e  le ft ank le  w ith  a  p la s te r  cuff, tre a te d  
by  ac tiv e  m o v em en t th e ra p y . The fra c ­
tu red  frag m en ts  a re  a lm o st re -ad ju sted .
various bones (clavicle, upper th ird  of the  arm , scapula, cohum  scapulae, 
pelvis, fem ur, patella, knee-region, lower th ird  of th e  tib ia) and  obtained 
good results.
The in troduction  of th is  trea tm e n t was stim ulated  by the  observation 
of Andreesen who s ta ted  th a t  fractured  fragments often re-adjust them ­
selves owing to  the  effect of extension and  movem ent.
F ig . 4. E xercise  w ith  extension
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F ig . 7. M ovem ent o f  th e  
le ft leg
F ig . 5. W eig h t b ea rin g  o f th e  p a tie n t is 
pain less
F ig . 6. R o en tg en o g ra m  o f  th e  ta lo c ru ra l 
jo in t one y e a r  follow ing th e  acc id en t
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I t  is known th a t  the  fibrous tissue filling up  the  small unevennesses of 
the  articu lar surface transform s to  fibrous cartilage under th e  influence of 
motion. Therefore, in a num ber of cases accurate reposition is no t essential 
(Landells). A fter these considerations it seemed reasonable to  s ta r t  the  
trea tm en t, knowing th a t  in  case of failure, th e  usual ta lo tib ia l arthrodesis 
could be perform ed a t  any  tim e. One year later, a t the  control exam ination, 
th e  p a tien t walked w ithout pain and  said th a t she was able to  do her house­
keeping undisturbedly  (Figs 6 and  7).
SUM M ARY
One of the  b ilateral com m inuted ankle fractures was trea ted  w ith directed 
active m ovem ent therapy . The functional result of the  m oved (left) ankle 
was b e tte r  th a n  th a t  of the  unm oved (right) one.
A t present we have reported, only on one case considering it to  be of 
some in terest, b u t the  experience gained in  our Clinic w ith more th an  300 
fractures m ay give a stim ulus to  those who are in terested  no t only in the  
m echanical factors, b u t also in the  biom echanical aspect of fractures and 
wish to  contribute to  the  fu rther developm ent of the  trea tm en t of fractures.
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TOPOGRAPHIC AND TEMPORAL CORRELATION OF PROCESSES 
OF OSTEOGENESIS DISCUSSED ACCORDING TO ELECTRON- 
MICROSCOPIC FINDINGS*
by
K. H . K n e s e
D E P A R T M E N T  O F H IST O L O G Y  A N D  E M B R Y O L O G Y
AGRICULTURAL HIGH SCHOOL, STUTTGART-HOHENHEIM, GFR
I n  a  report concerning electron-microscopic investigations of osteogenesis, 
we m ust keep in mind th a t the possibilities of each m ethod are limited. 
Therefore, we had to compare in this work findings obtained with various 
methods.
Osteogenesis takes place in a sm all s tra tu m  of less th an  1 fi in  diam eter. 
The resolving power of th e  electron microscope of 20 to  40 Á, com pared 
w ith  th a t  of the  light microscope of 5000 Á, perm its, to  some ex ten t, th e  
determ ination  of the  topographic localization of the  synthesis of the  various 
com ponents of bone tissue.
There are re la tively  few electron-microscopic investigations on osteogene­
sis, above all, extensive investigations on the  callus are scarce. Moreover, 
due to  the  rap id  developm ent of the  electron-microscopic technique, 
num erous works have now become insufficient technically.
F irs t we have to  discuss w hat we m ean by osteogenesis. According to  our 
present cytological and  biochemical knowledge, osteogenesis is described 
as co-operating processes which synthesize all the com ponents of bone 
tissue. This s ta tem en t is simple, b u t it is difficult to  say which substances 
belong to  the  bone tissue. There are substances which are characteristic 
of bone and  others which, deriving from the blood plasm a, have m igrated  
in the  bone and  o ther connective tissues. We m ust distinguish betw een the  
cells and  their proteins, polysaccharides, fa t, etc., and th e  intercellular 
substances. In  addition, there  are fibres, m ucopolysaccharides, heteropoly­
saccharides, proteins, soluble collagen, m inerals, water, as well as proteins 
an d  enzymes from  th e  blood (Eastoe 1956, Gersh and Catchpole 1960, 
Neum an and Neum an 1958). M any of these tissue com ponents appear firs t 
as in tercellu lar substance, p rior to  osteogenesis, as has been definitely  
confirm ed bv electron-microscopic investigations.
The first electron-m icroscopic investigations (chicken: Jackson  in 1954; 
enchondral: Scott and Pease in 1956; Robinson and  Cam eron in 1956; 
periosteal: Knese and  K noop in 1958; in tram em braneous: Ascenzi and  
B enedetti in 1959) dem onstrated  the  building of collagen fibrils in  im m ediate 
contact w ith the  osteoblasts. This is a  new form ation of fibrils and  no t 
a transfo rm ation  from  a pre-existent tissue. Therefore, the  term  ossifica­
tion  should be avoided and  replaced by  osteogenesis.
* T he o rig inal find ings concern  bov ine  foetus o f  70 to  150 m m  ORL.
Sym p. B iol. H ung ., 7, p p . 165—177 (1967)
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Num erous au thors (Scott and  Pease 1956, Knese and  Knoop 1958, 
Ascenzi and  B enedetti 1959) pointed  ou t th a t  the  d iam eter of th e  fibrils 
is sm all and th e  period is less th a n  640 A. Today th is s ta tem en t is of no 
g reat im portance since fibrillogenesis is investigated  exclusively by the 
reconstitu tion  of fibrils (Knese and K noop 1958). Knese and H arnack  (1962) 
and  Knese (1963b, c) investigated  the  grow th of fibrils regarding their 
d iam eter and  period. A distinction should be m ade between crystallization 
and  m atura tion  of fibrils; th e  la tte r  process is still ra th e r obscure.
There is no doub t today  th a t  the  synthesis of the  chemical building m ateri • 
als o f the  fu tu re  intercellular substances is bound to  th e  cell. Years ago the  
release of th e  in tercellu lar substances from  the  m atu re  osteoblast has been 
described as a kind of secretion. Knese and K noop (1961c) pointed  out 
th a t  as regards cell organelles, gland cells and osteoblasts are sim ilar, being 
cells th a t  synthesize and  secrete substances. There is, however, a fu n d a­
m ental difference between these cells, because in the  form er case the  secreted 
m aterial leaves th e  gland, b u t the substances released from  the  osteoblast 
rem ain in th e  tissue and  p artic ipa te  to  a large ex ten t in histogenesis.
The endoplasm ic reticulum  of th e  osteoblast has the  size of th a t  of 
an  exocrine pancreas cell. Therefore, by  electron-microscopic findings the  
synthesis of scleroproteins can be confirm ed in th e  osteoblast (Pigs 1 to  3).
There has been m uch debate concerning the  synthesis of m ucopolysaccha­
rides in the  periosteum  and  th e  role of these substances in fibrogenesis and 
m ineralization, b u t no clarification has been a tta ined . The deposition of 
35S and  m etachrom atic reaction in the  periosteum  is known. The m eta- 
chrom asia of the  periosteum  is, however, described differently by  th e  authors.
The question arises w hether a  single cell, the  osteoblast, is able to  sy n th e­
size these complex substances a t th e  sam e tim e. Therefore, th is  should be 
investigated  w ith th e  cell organelles as equivalents for the synthesis m en­
tioned.
The osteoblasts develop in the  cam bium  layer from  the  precursor cells. 
The cells which are in  a  transitional stage are called pre-osteoblasts (P ritchard  
1952). We suggest to  distinguish, besides precursor cells and pre-osteoblasts 
ano ther ty p e  of cell, the  cambium  cells (Knese).
The size of th e  precursor cell is like th a t  of the  fibroblast. On th e  dem arca­
tion  line between th e  fibro-elastic and  cam bium  layer, there are cells 
am ong large am ounts of collagen fibres, having nuclei on one side of th e ir 
bodies. By light microscopy it  is often  very  difficult to  distinguish between 
the  cell body and  the  intercellular substances. These cells have a  gradually  
developing endoplasm ic reticulum , isolated ribosomes, m itochondria and 
Golgi-complexes. O ther cells, th e  precursor cells, enclosed in a loose fram e­
work of fibrils, contain groups of granules con trasted  w ith  lead. These 
granules m ay be polysaccharides. B v light microscopy, an  increase in 
storage of stainable polysaccharides from  the  precursor cells to  th e  p re ­
osteoblasts could be dem onstrated .
The cam bium  layer a t  some distance from  the  fibro-elastica contains only 
a  few collagen fibrils or none a t all. On the  o ther hand, it  contains large 
in tercellu lar spaces. In  these spaces, long dig ita te  cell processes are visible 
in  cross-sections or longitudinal sections. The cells are considerably ramified,
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*F ig. 1. F ib ro b last-lik e  cell w ith  slow ly develop ing  endoplasm ic re ticu lu m , ribosom es, 
m ito ch o n d ria , G olgi-com plex, few  lead -co n trasted  g ranu les and  nucleolus;
X 10,000
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F ig . 2. P recu rso r cell w ith  en la rged  c is ternae  o f endoplasm ic re ticu lu m  an d  m ito ­
chondria ; x  19,000
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F ig. 3. C am bium  cells. Sm aller and  la rg er d ig ita ted  processes w ith  endoplasm ic 
re ticu lu m , m ito ch o n d ria  an d  lead -co n tras ted  granu les. I n  th e  large in te rce llu la r 
spaces filam en ts  an d  lead -co n trasted  g ranules; X 18,000
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so th a t no cell border can be verified w ith th e  light microscope. The in tercellu­
lar spaces contain a few th in  filam ents and  groups of granules contrastable 
w ith lead. In  th e  cells, th e  cisterns of the  endoplasm ic reticulum  are enlarged, 
and  the  hyaloplasm a w ith the  m itochondria is compressed to  sm all clefts. 
The enlarged cisterns are connected w ith the  perinuclear cistern. The nucleus 
contains large am ounts of chrom atin in contact w ith th e  inner nuclear 
lining, th e  cen tral area of the  nucleus being nearly  em pty. These cells 
exhib it num erous nuclear pores of considerable w idth. Such cells are term ed 
by  us ‘cam bium  cells’ (Fig. 4).
These cam bium  cells w ith enlarged cisterns are very  sim ilar to  chondro- 
blasts. This s tru c tu re  of cells has been regarded by  us (Knese and  K noop 
1961a) as equivalent to  m ucopolysaccharide-protein synthesis. We have 
dem onstrated  (Knese) in tracellu lar and extracellu lar m etachrom atic g ran ­
ules a fte r fixation  w ith  alcohol or form aldehyde, deparaffination in  vacuum  
and staining w ith thionine, azure A and  B. The sam e staining was dis­
played by th e  chondroblasts.
These electron microscopical and  topochem ical findings lead us to  the 
presum ption th a t  th e  synthesis of m ucopolysaccharides takes place in the  
cam bium  cells, b u t p robab ly  no more in th e  pre-osteoblasts. As acid and 
p a rtly  neu tra l polysaccharides are secreted in th e  intercellular spaces, we 
have regarded th e  th in  filam ents seen in  these spaces by electron microscopy 
as m ucopolysaccharide-protein structures. The cam bium  cells are no t only 
‘d ifferen tiating’ cells developing the  s tru c tu re  of the  fu tu re osteoblasts, 
b u t also cells which produce intercellular substance. The pre-osteoblasts 
near th e  m ature osteoblasts appear as longish or ovoid elem ents under the  
light microscope. Between th e  cells, there  is a system  of small intercellular 
clefts which are also visible under the  electron microscope. These clefts 
contain  a hom ogenous or sm all g ranu la ted  substance w ith  no collagen f i­
bres. These substances reac t m etachrom atically. The pre-osteoblasts have 
sho rter or longer d ig ita te  processes in large am ounts, p a r tly  in contact 
w ith  one another (Fig. 5). C hrom atin is approxim ately  regularly  d istribu ted  
in the  area of th e  nucleus, b u t a com pact layer is also in contact with 
th e  inner nuclear lining. Small nuclear pores are present. The cytoplasm  
contains short m em branes of endoplasm ic reticulum , som etimes a Golgi- 
complex and  regular groups of granules contrasted  w ith  lead. The granules 
m ay fill out alm ost th e  entire cell body.
The m atu re  osteoblast, s itu a ted  in a pseudoepithelium , has an  expanded 
endoplasm ic reticulum , m itochondria and occasionally, a Golgi-complex 
(Fig. 6.). Only the  m ature osteoblasts display a clear reaction for ribonucleic 
acid (RNA) under the  light microscope. A fter trea tm en t w ith ribonuclease, 
the  m atu re  osteoblast is no longer stainable. The transform ation  from the 
pre-osteoblast to  the  m atu re  osteoblast proceeds w ithout in term ediary  
stages. M orphological observations concerning interm em branous osteogene­
sis (unpublished) and  investigations w ith  tritium -cy tid in  (Owen 1965, 
Young 1962) support th a t  th e  R N A  is released from  the  nucleus to  the  
cytoplasm . B y th e  cytoplasm  R N A  as messenger of R N A  the synthesis of 
scleroproteins can s ta rt. Among th e  m ature osteoblasts, extracellular 
polysaccharides are missing. B y means of topochem ical m ethods, a fram e-
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F ig . 4. C am bium  cells w ith  g rea tly  en larged  cis ternae  o f  endop lasm atic  re ticu lu m  
in  connection  w ith  th e  c is te rn a  of n uc lea r lin ing ; sm all hyalop lasm ic spaces w ith
m itochond ria ; X 15,000
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F ig . 5. P re-o steo b lasts  w ith  on ly  a  few m em b ran es o f endoplasm ic re ticu lu m , lead - 
co n tra s te d  granu les, nucleus po res an d  m an y  d ig ita ted  cell processes; sm all in te r ­
ce llu lar clefts; X 10,000
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F ig. 6. M atu re  o steo b last before s ta r tin g  to  deliver in te rce llu la r su bstances w ith  an  
ex tens ive  endoplasm ic re ticu lu m , a  few  m itochond ria , G olgi-com plex, and  on ly  a 
few lead -co n trasted  g ranules; X 10,000
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work of m etachrom atically  staining meshes can be dem onstrated  which 
was considered to  be an  equivalent of th e  endoplasm ic reticulum  (Knese 
and K noop 1961b). I t  is, therefore, supposed th a t  the  acid m ucopoly­
saccharides synthesized by  th e  cam bium  cells are stored in th e  e x tra ­
cellular spaces. The pre-osteoblast takes up these polysaccharides again by 
its cell m em brane enlarged by large num bers of d ig ita te  processes. The 
m ature osteoblast originates from  th e  passage of R N A  in th e  cytoplasm , 
and  absorption of mucoj>olysaccharides from the  extracellu lar spaces.
From  these observations th e  following conclusions have been drawn:
1. The m ucopolysaccharide synthesis does not take place in th e  m atu re  
osteoblast b u t m ainly in  the  cam bium  cells.
2. The synthesis of R N A  is p repared  in  the  pre-osteoblast w ith storage 
of nuclear RNA.
3. The synthesis of R N A  occurs in  th e  cytoplasm  of the  m ature osteoblast.
4. The m atu re  osteoblast releases scleroproteins and  mucopolysaccharides, 
p robably  in  a transform ed state , before the  onset of osteogenesis by 
which th e  crystallization of the  collagen fibrils will take  place.
Thus, the  synthesis of these two com ponents of bone tissue, the  m ucopoly­
saccharides and  scleroproteins, do not occur a t  the  same tim e and  a t the 
sam e site. B oth  substances together leave the  m atu re  osteoblast and  become 
th e  intercellular substance of the  bone tissue.
Now I  wish to  re tu rn  to  th e  com parison of th e  function of th e  osteoblast 
and  th a t  of th e  gland cell. G land cells have a polar organization and, th ere­
fore, an  epitheloid shape. The flow of substances occurs from  th e  basis, 
consequently from  the  vessels, to  tire apex which is th e  site of th e  release 
of the  secreted m aterial. The phenom enon of secretion is characterized by  
th e  transfo rm ation  of the  substances of th e  blood in to  th e  secreted m aterial. 
O steoblasts often, b u t no t always, have a polar organization and, conse­
quently , an epitheloid shape. Their ac tiv ity  is tem porally  lim ited, probably 
to  th ree days (Owen 1965), apparen tly  because th ey  do no t synthesize 
a p a r t of those substances which th ey  elim inate.
We m ust rid  our m inds of the  concept th a t  th e  osteoblast synthesizes all 
th e  com ponents of bone tissue. B y applying a tem poral and topographical 
segregation of th e  processes, a b e tte r  understanding  of th e  processes of 
endochondral osteogenesis m ay be a tta ined , which were up to  now incom ­
pletely  explained.
The m etaphyseal osteoblast is sim ilar to  the periosteal osteoblast. B ut 
—corresponding to  its d ifferent course of developm ent—th e  stages from 
pr ecursor cells to  cam bium  cells and  pre-osteoblasts are lacking here. 
Presum ably , the  m etaphyseal osteoblast absorbs the  mucopolysaccharides 
from  the  intercellular substance of cartilage and  thus, th e  m ucopoly­
saccharides for enchondral osteogenesis derive from  the  ac tiv ity  of chondro­
cytes or even chondroblasts. However, the  progenitor cells of the  m etaphyseal 
osteoblasts are p a r tly  chondrocytes, w hich—w ith  regard  to  m ucopoly­
saccharide syn thesis—correspond to  cam bium  cells. This fact has been de­
m onstra ted  by  electron-m icroscopical (Knese and  K noop 1961b) and 
au toradiographical investigations (Young 1962, 1963).
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Some m ention should be m ade of the  enclosure of cells as osteocytes. 
The firs t electron-m icroscopical p icture of such an enclosure (Knese and 
K noop 1958) showed a  cell having a few cell organelles, surrounded by a 
netw ork of collagen fibrils witli incipient m ineralization. The form ulation 
th a t  th e  osteoblast encloses itself is, in our opinion, not correct. A fter the  
osteoblast has ended its ac tiv ity , the  nex t generation of osteoblasts su r­
rounds it  w ith  bone tissue.
The lite ra tu re  dealing w ith  the  osteocyte is extensive and  th e  opinions 
of the  au thors concerning the  ac tiv ity  of these cells, are g reatly  divergent, 
p a rtly  dependent on th e  d ifferent m ethods used by these au thors. We have 
distinguished (Knese 1963a, b, c, 1964) th ree types of osteocytes: young (just 
enclosed), polyedric, and  fla t. The young osteocyte contains only a few cell 
orgenelles (Knese and  K noop 1958, B aud 1962). The polyedric osteocyte 
displays an  endoplasm ic reticulum , m itochondria, eosinophil deposits and  
a Golgi-complex (Baud 1962). In  the  vicinity  of the  polyedric osteocytes 
K nese and  H arnack  (1962) observed, p a r tly  in  contact w ith th e  cell m em ­
brane, some apparen tly  newly formed, th in  collagen fibrils which increased 
in d iam eter a t  a  short d istance from  it. Therefore, our opinion is th a t  the  
osteocyte partic ipa tes in  osteogenesis, nam ely in the  so-called intra-osseal 
osteogenesis. This opinion has been supported  in  various ways by  different 
authors. Baud (1962) who did  no t investigate dem ineralized sections be­
lieves th a t  th e  osteocytes alone control the  m etabolism  and  the  physico­
chemical condition of the  mucopolysaccharides.
The s tru c tu re  of the  newly form ed bone tissue has been ra th e r poorly inves­
tigated . The old scheme of coarse-fibred and  fine-fibered, or lam ellar bone, 
has been accepted as a rule in the  lite ratu re . We have observed no t only 
in our p ictures (Knese and  K noop 1961c), b u t also in those of o ther au thors 
th a t  the  collagen fibrils are arranged in lamellae, no t in bundles. These 
lamellae are sim ilar in their s tru c tu re  to  those of m ature bone tissue, 
only sm aller in  size. Therefore, we have again discussed th e  form ation 
of the  lam ellae and  th e  o rien ta ted  crystallization of collagen fibrils (Knese 
1963b, Knese and H arnack  1962). From  th e  topographical d is trib u tio n  
of the different types of H aversian system s it  was concluded th a t  in  norm al 
histogenesis th e  in tercellu lar substances show a constan t developm ent. 
Am prino (1963) was opposed to  th is opinion, b u t alm ost contem poraneously, 
F ro st (1963) published his findings ob tained  w ith tetracycline which confirm ­
ed our sta tem en t. We are of th e  opinion (Knese 1963b) th a t  all the  in v estig a ­
tions of histogenesis of in tercellu lar substances should be su b s tan tia ted  by  
cytological analysis of th e  local cell population which is engaged in  the  
m etabolism  and  other processes of th e  organic com ponents of bone tissue.
F inally , I  wish to  deal w ith  m ineralization. I t  has always been supposed 
th a t  m ineralization takes place separately  from  o ther processes of osteogene­
sis. This was concluded from  th e  staining properties o f the  border of the  
bone trabeculae, the  so-called osteoid or preosseal seam. N um erous authors 
consider m ineralization to  be the  defin itive process o f osteogenesis. However, 
it should be borne in m ind th a t  th e  s tru c tu re  of bone is determ ined  by 
the  organic strom a. I t  is true , th a t  m any functions of the  bone tissue, 
m echanical as well as m etabolic ones, are only possible if m inerals are
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present, b u t in osteogenesis the  m inerals depend on the  organic fram ework. 
F o r m any m orphological conceptions on m ineralization, m icroradiography 
of hone tissue was fa ta l. Owing to  the  low sensitiveness of m icroradiography, 
it  is possible to  detec t th e  m inerals only a t  a d istance of abou t 20 to  30 /t 
from  th e  osteoblast. This is th e  so-called m ineralization front.
W ith  the  electron microscope, needle-like crystals can be dem onstrated  
a t  a  distance of 1 to  2 p  from  the  osteoblast. A shell of crystals surrounds all 
the  collagen fibrils. M ineral deposition and  the  mechanism  of m ineralization 
have been ex tensively  dealt w ith  in  th e  literatu re . The earlier hypothesis 
of R obinson and  W atson (1955) on the  prim ordial deposition of m inerals, 
according th e  period of collagen fibrils, could n o t be verified. The m inerals 
have been described as needle-like depositions (Knese and  K noop 1958, 
F ran k  and  N albandian  1963, Ascenzi and  B enedetti 1959, T akum a 1963, 
Glim cher 1959, 1960). A periodical and  g ranu la ted  deposition was described 
by  Jackson  and  R andall (1956) and  by  Glim cher (1959, 1960) in chickens. 
An extensive discussion on m ineralization exceeds th e  subject of the  
presen t work.
In  th e  cartilage, the  crystals are irregularly  deposited m ostly forming 
rosettes (Knese 1959, 1963a). W e wish to  m ention the  electron-m icroscopical 
investigation on callus form ation b y  Abo and  Isom äki (1962) as the  only 
results of th is k inda vailable to  us. These investigations have been 
perform ed on th e  tib ia  of white ra ts. A fter 10, 14 or 21 days of healing 
th e  au thors observed a sim ilar rosette  bu ilt up of needles o f a length  of 
375 to  500 Á and  a w idth  of 30 to  60 A, some needles being only 130 X 35 Ä. 
These crystals lie in an  intercellular substance having an am orphous or 
g ranu la ted  stru c tu re  or displaying th in  filam ents.
A special form of crystals has been observed by Aho and  Isom äki (1962) 
near collagen fibres of abou t 0T p  thickness and  a period of 640 A. The 
crystals are located inside the  fibres and  appear as ra th e r large aggregates 
a ttach ed  to  th e ir surfaces. T hey are elongated, spherical or lenticular bodies 
with d iam eters of 0 1  X 0-3 p and  p a rtly  even above 1 /;. The particles 
have a com pact shell, 30 to  50 A thick, and  a cav ity  w ith  num erous sm aller 
crystals of 35 X 130 A w idth. I t  is often difficult to  decide w hether th ey  
are continuous crystals or composed of sm aller ones. There are also single 
crystals along th e  collagen fibrils. These investigations suggest th a t  in th e  
m ineralization of the  callus there are processes which differ from  norm al 
osteogenesis.
This rep o rt is incom plete as regards th e  subjects m entioned in it and the  
re levant lite ra tu re . I ts  chief purpose was to  dem onstrate  th a t  by  m eans of 
electron-m icroscopical findings it  is possible to  describe th e  tem poral and 
topographic localization of separate  processes of osteogenesis. By th is division 
of osteogenesis in correlated processes, abnorm al osteogenesis m ay perhaps 
be recognized easier.
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ON T H E  R EG E N E R A T IO N  OF BONE T ISSU E EX A M IN ED  W ITH  
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by
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T e t r a c y c l in e s  form  deposits in the  bone tissue wherever calcium ions 
are a t disposal in loose chemical bonds. Tetracyclines appear especially in 
th e  osteoid seams or in  the  apposition zones which are no t free from  calcium 
as it  has been believed up to  now, b u t contain large am ounts of calcium ions. 
They are chelate-like struc tu res re la ted  to  acid m ucopolysaccharides which 
are present in large quan tities in th e  osteoid seams.
Tetracyclines and calcium form chelates. This com bination is, however, 
no t sufficient for th e  firm  fixation of the  antibiotics in th e  bone tissue. 
A part from chelate form ation, ano ther additional factor is necessary to  
bring about a durable fixation. Milch e t al. (1961) believe th a t  tetracyclines 
are connected w ith calcium via an  oxygen atom , in a  m ineralizing tissue 
(Fig. 1). According to  Milch et al. (1961) phosphate is deposited in  the  colla­
gen fibrils a t  th e  beginning of m ineralization. This phosphate forms a hard ly  
soluble te rtia ry  phosphate w ith calcium, and tetracycline is fixed by  means 
of oxygen. The firm  and  lasting fixation  of tetracycline occurs only in the  
m om ent of crystallization of th e  m ineral salt. The tetracycline-apatite- 
complex rem ains bound to  th e  m atu re  bone tissue and  can be analysed even 
a fte r years. Our observations comprise a period of more th an  th ree years. 
Sedlin and  F rost (1962) reported  cases in  which deposition persisted  after 
nine or eleven years.
The m ineralized bone does n o t take up tetracycline. The tetracycline 
fixed to  calcium in the  osteoid, and  not involved in the process of m ineraliz­
ation, gradually  disappears. In  our experim ental m aterial when tetracycline 
was adm inistered in a single dose it d isappeared a fte r abou t 48 hours. This 
last stage of em bedding of te tracycline has been term ed  by us purified 
tracing. B y th is the  apposition seam appears to  consist of an  intensely and  
perm anently  fluorescent m ineralized zone which is s ituated  a t  the border 
of the m ature bone tissue. In  addition, there is an osteoid zone displaying 
a less intense fluorescence of a sho rter duration  which borders th e  free 
seam of the  bone trabecu la  or th a t  of the  osteon.
The microscopic description and  analysis of th e  fluorescent lines can be 
m ade only on non-decalcified bone, since by decalcification the  tetracycline 
is ex tracted  as well. W ith  our m ethod (Eger et al. 1964) tran sp a ren t bone 
sections are obtained a fte r em bedding of the  bone in a plastic m aterial. 
Any num ber of tran sp a ren t bone sections can be cut from  th e  spongious 
and  com pact bone w ith th is m ethod. This m ethod enables us to  investigate
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F ig . 1. B ind ing  o f  te tracy c lin e  to  a p a ti te  c ry s ta ls  and  collagen fib res accord ing  to  
Milch. 1 - - a  collagenous helix ; IT =  beg inn ing  o f m inera liza tion  m arked  b y  th e  ph o s­
ph o ry la tio n  o f  th e  p o lypep tide  chain ; I I I  — th e  g row th  o f c ry s ta ls  o f  a p a ti te  b y  ca l­
c ium  ad d itio n ; IV  =  b in d in g  o f te tracy c lin e  to  the  a p a ti te  c ry s ta l v ia  oxygen
th e  growing and  remodelling processes of the  com pact and  spongious sub­
stance as well. The present opinion is th a t  bone building presupposes decom ­
position. We agree w ith F rost (1963) in  claiming th a t  without decomposition 
no building  exists. The continual tu rnover of the  bone tissue occurs on a 
m olecular and  cellular level. The cellular tu rnover is the  basis of bone and 
calcium m etabolism  in the  organism. In  microscopical anatom y the  physiolog­
ical reduction of th e  com pact substance is m arked by  resorption cavities, 
and  th a t of the  spongious bone by resorption lacunae (Fig. 2a). This process is 
brought abou t no t by a giant cell osteoclasia b u t by  m ononuclear osteoclasti- 
cally working cells, term ed ‘osteolyocytes’ by  us (Fig. 3) in order to  differ­
en tia te  them  from th e  g ian t cells. The m ultinuclear g ian t cell osteoclast 
m ay be seen during an increased local or general decomposition which exceeds 
the  physiological limits.
The resorption lacunae do no t expand unlim itedly. H aving reached a 
certain  size, apposition zones sim ilar to  osteoid seams are again deposited 
which take up tetracycline. T he lim iting factor of decomposition is unknown.
I f  te tracycline is given a f te r  longer intervals, all th e  stages of remodelling 
can be observed. In  th e  com pact substance of a 40-year-old m an who 
received tetracycline tw ice w ithin six m onths, a resorption cav ity  was 
found showing the  greater p a r t of th e  slightly lacunated  m argin of the  
decom position zone, and  a p a r t of a fluorescent apposition zone as well. 
O ther resorption cavities were com pletely surrounded by  apposition  zones. 
In  addition, there were com pletely bu ilt osteons, th e  ou ter contours of which 
consisted of an  old cem enting line (Fig. 4).
U nder physiological conditions abou t 1 /.«osteoid is form ed daily. M ineraliz­
ation of the  whole lam ella s ta rts  suddenly, a fte r a period of ten  days, p reced­
ed  by a loss of acid m ucopolysaccharides (Eger 1963a, b). The lam ellae are
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F ig . 2. T ra n sp a re n t sec­
tio n  o f spongious bone 
(m ale, aged  34); a  =  in  
tra n sm itte d  ligh t; b  =  in 
u ltrav io le t ligh t. The o s­
teo id  seam  is h a rd ly  v is­
ib le (a), w hereas a  w ide 
fluo rescen t m arg in  w ith  
a  m ore in ten siv e  m in e ra l­
iza tio n  zone is seen on 
th e  b o rder o f  th e  m a tu ­
rin g  bone tissue (b). 1 =  
m a tu rin g  bone show ing 
fluorescence; 2 =  in te n ­
sive m in era liza tio n  zone 
(s tronger fluorescence);
3 =  re so rp tio n  lacuna
F ig. 3. R eso rp tio n  an d  
reg en era tio n  a ro u n d  a 
hom ologous tra n sp la n t. 
1 =  necro tic  p a r ts  o f  th e  
tra n sp la n t ; 2 = re s o rp t io n  
o f  th e  t ra n s p la n t b y  single 
g ia n t cells a n d  b y  osteo- 
lyocy tes develop ing  a  
s ligh tly  u n d u la te d  re so rp ­
tio n  m arg in
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arranged side by side. 
W ithin  8 to  12 weeks, 
a hum an osteon comes 
in to  existence. Such an 
osteon has only one 
H aversian canal in it 
w ith a lum en of 20 fi.
In  our m aterial we 
have observed in a 35- 
year-old m an osteon 
form ation lasting three 
years a t  th e  site of a 
bone fractu re  (Fig. 5). 
The ou ter trace  line of 
abou t 40 [i dia came in to  existence th ree years ago in th e  course of 
four m onths in which tetracycline was given to  the  patien t. The in terio r line 
(25 n  dia) was produced abou t 18 m onths ago due to  tetracycline adm in istra ­
tion for two m onths.
M anson and  W aters (1963) expressed the  grow th of th e  osteons by a 
m athem atical form ula and gave a diagram m atic illustra tion  of it. On calcu lat­
ing the  grow th of th e  osteon described above, by means of th is form ula, a 
diagram  is obtained (Fig. 6) which shows th a t  grow th slows down in the 
centre and  finally stops. There seem to  be rem arkable tem poral differences 
in the  form ation of th e  osteons, i.e. considerable re ta rdations of growth 
in th e  zones of regeneration.
On the  side of the  trabeculae of the  spongious substance more apposition 
zones have been dem onstrated  by  the  tetracycline m ethod th an  was supposed 
u n til now. The num ber and  b read th  of the  traced  zones do no t only indicate
F ig . 4. C om pact bone 
(m ale, aged 40) an d  fresh  
trace  o f  te tracy c lin e  ju s t 
before resection  o f th e  
bone tissue; a — in t r a n s ­
m itte d  l ig h t; b =  in  u l t r a ­
v io le t ligh t. 1 =  re so rp ­
tion  c a v ity  p a r t ly  s u r­
rounded  b y  a  traced  m a r ­
gin o f 55 n  d ia ; 2 =  com ­
p le te ly  su rro u n d ed  reso rp  
tion  cav ity , beg inn ing  o f 
g ro w th  o f th e  osteon; 
3 =  com plete ly  b u ilt
osteon w ith  fluo rescen t 
o u te r co n tou rs  o f 30 /i 
d ia ; 4 =  tra ced  m arg in  
o f a V o lk m an n ’s canal
th e  speed of grow th b u t also the  ra te  of the  local m etabolism , especially
th a t  of m ineralization of the bone tissue.
As has been em phasized above, th e  increased decom position of the  bone 
tissue is preferably done by osteoclasia o f g iant cells w ith H ow ship’s lacu-
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F ig . 5. C om pact bonc 
(m ale, aged  32); a  =  in 
po larized  ligh t; b  =  in  
u ltra v io le t lig h t. 1 =  in 
th e  cen tre  a com pletely  
bu ilt osteon (400 X 320 /<);
2 =  a t  th e  o u te r  b o rd e r a 
fluo rescen t zone (40 /t 
wide) w hich w as form ed
3 years  p rio r to  th e  resec­
tion ; 3 =  a  tra c e  zone o f 
I 5 fi form ed I 8 m o n th s
before th e  resection
nae. Neighbouring os­
teoclasts in th e  zone 
of d istu rbance form a 
confluent layer on the 
surface of th e  bone.
This layer appears in 
cross-section as a ra th ­
er narrow  lacunated 
line on th e  border of 
the  bone. H ere calcium 
ions are released which 
are able to  fix te t ra ­
cycline. This tracing  is 
tem porary  during de­
composition. The exam ple, however, shows th a t  not every  fluorescent 
seam  represents a zone of grow th, b u t it m ay likewise appear during 
decomposition processes of living bone. The m orphological d ifferentiation 
between a zone of building and th a t  of decom position is easy to  jierform
(F ig -  ' ) •
H alisteretic dem ineralization, as the  firs t phase of ano ther form of 
decomposition of bone, is caused and  m ain tained  by  a local and  general 
acidosis. B y th is dem ineralization large am ounts of calcium ions are released 
which are able to  combine w ith tetracycline. U nder these circum stances a 
diffuse fluorescence appears spreading over the  whole tissue. From  our 
m aterial we m ention a com pact K iel type sp lin ter of bone g ra ft which had  
been im planted to  fill up  the  defect formed a fte r the  surgical rem oval of 
a cyst 18 m onths ago. This g ra ft showed a diffuse, p a rtly  spot-like fluores­
cence following tetracycline adm inistration (on th ree occasions), prior to  its  
resection and  exam ination (Fig. 8). We do no t know a t present to  w hat 
ex ten t halisteretic dem ineralization takes place in  living bone tissue. No 
observations referring to  this po in t have been m ade in our experim ental 
m aterial either. P resum ably, halisteresis in living bone tissue leads to  an
183
F ig . 6. C ourse a n d  speed o f  g ro w th  o f  th e  
osteon , b u ilt in  3 y ears , com pared  w ith  the  
average  tim e o f g ro w th  o f an  osteon observed  
b y  F ro s t (d o tted  lin e ) , o =  ca lcu la ted  resu lts ; 
x  =  m easu red  re su lts
im m ediate rem oval of calcium 
ions. This is why no im pregnation 
of tetracycline and, consequently, 
no fluorescence are visible in  the 
histological preparations.
W hen the  bone au tog raft be­
comes necrotic as dem onstrated  in 
exam inations (Fuchs et al. 1963), 
and  when a t  least some of the  
splinters of bone w ithin the  region 
of bone fractu re  become necrotic, 
i t  is supposed th a t  th e  necrotic 
au to g ra ft will also be dem inera­
lized by  halisteresis and, in  this 
way. a tem porary  u p tak e  of te t r a ­
cycline m ay result.
The final decom position of the  
heterologous and  autologous ne­
crotic bone shows d istinc t h isto­
logical differences as dem onstra t­
ed by th e  spongiosa te s t of M aatz 
e t al. (1954) in  our investigations 
(Fuchs et al. 1963). Vivid osteo­
blastic and  osteoclastic activities 
s ta r t  around the  homologous ne­
crotic bone. Osteolyocvtes as well
as g ian t cell osteoclasts are present, i.e. all the  characteristic elem ents of 
increased physiological decomposition.
As has been m entioned above, the  heterologous g ra ft shows only halistere- 
tic  dem ineralization and  no lacunar g iant cellular resorption. Therefore, the  
decom position of th is bone g ra ft cannot occur in a physiological way, b u t 
tak es  place ra th e r by  m eans of dem ineralization and  a  gradual dissolution 
of the  ground substance, i.e. by  histolysis. The en tire  process develops 
slowly. The physiological decom position of a bone au tog ra ft occurs more 
quickly by  lacunar resorption and  is rap id ly  su b stitu ted  by  living bone 
tissue.
In  bo th  cases th e  necrotic bone is replaced by  a  regenerating tissue 
from  which fibrous bone is firs t developed. While the  au tog ra ft bone shows a 
continuous substitu tion , th e  com pact and  spongious heterologous bone 
g ra ft is surrounded by  fibrous bone which forms a t  all those sites where an 
increased remodelling process of bone tissue takes place (Fig. 9).
In  polarized light the fibrous bone shows a coarse bundle diffusely im preg­
n a ted  by  tetracycline. This diffuse im pregnation is probably  due to  the fact 
th a t  th e  ap a tite  crystals are no t closely and  densely packed in the  fibrous 
bone as th ey  are in  th e  m ature lam ellar bone tissue. Consequently, the  
fibrous bone is perm eable for te tracycline th roughout. There are num erous 
h y d ra ted  calcium ions which are loosely deposited on th e  surface which 
m ay  combine w ith  tetracycline.
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Fig. 7. Transparent section of the compact substance of the thigh bone; a — in  
transmitted light; b =  in ultraviolet light; I compact substance of the ossifying 
bone fibroma with processes of reduction at the margin; 2 - traced line o f resorption;
3 =  traced apposition zones in resorption cavities
Fibrous bone continuously transform s into lam ellar bone tissue. The lam el­
lae form sh o rt bundles of fibres which are linked together and  show a m osaic­
like s tru c tu re  as seen in polarized light. This s tru c tu re  is no t identical w ith 
th a t  described by  Paget. F ibrous bone is no t decomposed in order to  be 
replaced by lam ellar bone tissue, b u t to  be transform ed into it.
We have observed in the  healing leg of a 62-year-old m an, whose leg was 
frac tu red  th ree m onths prior to  th e  resection of a small piece of bone tissue, 
a  fluorescence due to  te tracycline adm in istration  soon a fte r the  fractu re  
(Fig. 10). The im pregnated callus tissue appeared  in polarized light to  
consist of fibrous bone, whereas th e  bone tissue in th e  v icin ity  of it and  
which has developed later, showed a short lam ellar structu re , i.e. th e  s tru c­
tu re  of m aturing  regenerating bone. The described rebuilding of short 
lam ellar regenerating bone is inh ib ited  by  tetracycline im pregnation.
The au to g ra ft which becomes necrotic and is destroyed and  replaced by 
newly bu ilt bone tissue, still m aintains the s tru c tu re  of the  regenerating 
bone for a long tim e. An autologous fibula g raft, tran sp lan ted  in to  a resected 
radius tw o years previously and  com pletely ingrown there, showed a short 
lam ellar and  mosaic-like s tru c tu re  in polarized light (Fhg. 11). W hile we m ay
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F ig . 8. C om pact, he tero logous tra n s p la n t (K iel ty p e  bone g ra ft); a  =  in  tra n sm itte d  
ligh t; b  =  in u ltra v io le t ligh t. T raced  w ith  te tracy c lin e  3 d ay s before th e  resection . 
1 =  th e  dead  co m p ac t g ra ft; 2 =  show ing a  diffuse or sp o td ik e  fluorescence in  u .v . 
ligh t; 3 =  d iffusely  traced  reg en era tiv e  fib rous bone o f th e  g ra f t bed , sep a ra ted  from  
th e  K iel ty p e  g ra f t b y  a  w ide zone o f  connective  tissue
find trace zones w ith lam ellar s tru c tu re  in the local tissue of the  host, such 
zones are faded in  the  graft.
In these exam inations there  is an in teresting parallel in the  concepts 
concerning physiological grow th (F rost 1963) reported  above. Accordingly, 
the  new grow th of bone is the  p rim ary  process and  its  resorption is a secon­
dary  one. D uring periods of regeneration, the substitution of bone tissues is 
only the second part of a series of reactions which s ta r t  w ith processes of 
resorption. The ty p e  and  quality  of the  bone tissue which is to  be resorbed, 
determ ines th e  m om ent and  th e  ex ten t of bone substitu tion .
The question m ay arise as to  w hat is th e  im portance of the  processes of 
resorption preceding the  developm ent of the  callus in the  sufficient and 
good regeneration of th e  bone tissue.
SUM M ARY
Tetracyclines are deposited in the  apposition zones of th e  com pact and  
spongious substances and  are strongly fixed by the  m ineralization process 
in the  bone tissue.
A perm anen t rebuilding and  regeneration process can be observed by 
tetracvcline tracing.J  O
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F ig . 9. H etero logous spon- 
gious tra n sp la n t; a  =  in  
tra n sm itte d  lig h t; b — in 
u ltra v io le t ligh t. T raced  
w ith  te tra cy c lin e  it d ay s  
a f te r  resection . 1 th e  
dead  g ra f t; 2 =  su rro u n d ­
ed b y  th e  reg en era tin g  
hone; 3 =  fluo rescen t 
m a rg in s  on th e  surface 
o f  the  reg en era tin g  bone
The grow th of regenerative bone tissue is preceded by the decomposition 
of the local bone: the  la tte r  process occurs differently in necrotic au tografts 
and  in heterografts.
A decomposed bone au tog ra ft is continuously su b stitu ted  by fibrous 
bone, whereas a heterograft is surrounded by fibrous bone.
Fibrous bone will gradually  change into lam ellar bone tissue; it is fairly 
distinguishable as a regenerative bone by its special mosaic-like stru c tu re  in 
polarized light.
The m atura tion  of the  fibrous bone was found to  be inhibited by  the  
up take of tetracycline.
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A U TO RA D IO G RA PH IC  AND RADIO CH EM ICAL STU D IES ON TH E 
H E A L IN G  OF BONE FRA CTU RES
by
J . L i n d n e r , G. F r e y t a g , G. J o h a n n e s , G. A. S c h l o s s e r ,
W. R e i h e r  and  I. S c h m i d t
DEPARTMENT OF PATHOLOGY, UNIVERSITY MEDICAL SCHOOL, HAMBURG, GFR
S e v e r a l  m e t h o d s  a r e  u s e d  f o r  t h e  q u a n t i t a t i v e  a n d  q u a l i t a t i v e  e x a m i ­
n a t i o n  o f  t h e  h e a l i n g  o f  b o n e  f r a c t u r e s .
1. General m orphological procedures, i.e. gross anatom ical descriptions, 
m easurem ent of circumference, exam ination of w et and  d ry  weight, as 
well as w ater content, m easurem ents of extension and  strength , and  the  
microscopic determ ination  of the  several stages of callus form ation.
2. Special histological procedures for th e  analysis of m etabolic processes 
during th e  healing of bone fractures, i.e. com ponent and  enzyme- 
histochem ical m ethods for the  dem onstration of th e  synthesis of 
ground substance and  fibrils as well as of the  enzyme system s involved.
3. Biochemical procedures for b e tte r q u an tita tiv e  assay of synthetic 
products, especially by  ex tractions of collagen and  fractionations of 
m ucopolysaccharides or by analysis of th e ir com ponents, i.e. uronic 
acids, hexosamines and  hydroxyproline.
4. P rocedures using radioactive isotopes are particu larly  suitable for 
com jiarative q u an tita tiv e  analyses of the  synthesis and  m etabolism  
on sm all am ounts of m aterial, m ainly for in  vitro exam inations of hum an 
and anim al callus tissue.
In  our exam inations we preferred  to  use com bined autoradiographic 
and radiochem ical m ethods for the  histotopological localization and sim ul­
taneous q u an tita tiv e  assay of synthetic  processes using 35S sulphate for 
the  determ ination of neoform ation of su lphated  mucopolysaccharides and 
3H-proline for the analysis of collagen synthesis.
As has been shown by L indner in his work on wound-healing (p. 35), the  
syntheses of ground substance and collagen m ay occur sim ultaneously in 
th e  same cartilage cell. As dem onstrated  by  L indner (1960b, 1961a, b, 
1962 a, b, c, 1963, L indner e t al. 1962), in uninfluenced as well as influenced 
em bryonic developm ent of connective tissue, th e  form ation of ground 
substance in itiates before th e  form ation of fibrils. Therefore, the  synthesis of 
ground substance m ay be used as a m easure of the  developm ent of connec­
tive tissue. Since, according to  Gross e t al. (1959) and  others, the  synthesis 
of m ucopolysaccharide and  protein moieties occurs jointly , we are able to  
ob tain  an  approxim ate estim ation of the  synthesis of the  whole m uco­
polysaccharide-protein complex. As the  mucopolysaccharides of cartilage,
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bone and  callus consist p reponderan tly  of chondroitin  sulphates, th e  assay 
of the  incorporation of 35S sulphates can be em ployed as a  qu an tita tiv e  
m ethod for th e  determ ination of ground substance and, eventually , of the  
neoform ation of the  connective tissue of cartilage, bone and callus (Lindner 
1960a, b, 1961a, b, c, 1962a, b, c, 1963, L indner et al. 1962, Becker e t al. 
1963, 1964, K öhler 1964, Schlieben 1964, Schlieben et al. 1964, K röger 
1965, Schröder 1965, W ittig  1965).
Investigations on th e  tem poral connections of sulphation and  synthesis 
of polysaccharides and th e  eventual exchange of su lphate groups, etc. 
were carried ou t by  D ’A bram o and  L ipm an (1957), Boström  (1953), 
Boström  and  A quist (1952), Boström and  Mansson (1952), Boström and 
O deblad (1953a, b), B oström  and R oden (1961), Dziewiatkowski (1952, 
1953, 1962), Am prino (1955a, b, c), Hilz (1960), K ennedy (1960) and  others.
In  our investigations on th e  callus, we m easured the  incorporation rates 
of 35S sulphate a fte r four hours of incubation in  vitro, by  which the  synthesis 
and  n o t th e  tu rnover of the  chondroitin sulphates of cartilage, bone and 
callus can be determ ined. Thus, we did  n o t estim ate the  specific ac tiv ity  
of chondroitin sulphate separated  by electrophoresis because, in th is m anner, 
n o t only th e  mere synthesis b u t the  to ta l tu rnover of chondroitin  sulphate 
w ould have been determ ined as shown by  com parative investigations 
(Becker et al. 1963, 1964). Moreover, th e  staining of separated  chondroitin 
sulphate, according to  D ittm an  and  Cremer, needed for th is procedure is 
disputable, for we have shown in our exam inations th a t  in  vitro s ta in  is not 
bound stoichiom etricallv, no t even by  pure m ucopolysaccharides, and  the 
procedure of D ittm an  and Cremer does n o t perm it a q u an tita tiv e  sepa­
ra tion  of th e  chondroitin  sulphates occurring in  th e  tissue.
Thus, we have determ ined the  incorporation ra te  of 3ES su lphate relative 
to  th e  am ount of tissue, i.e. to  mg dry  weight, by  which, according to  the 
above investigations, particu larly  those of Boström and  A quist (1952), 
B oström  and  M ansson (1652), Boström  and  Odeblad (1953a, b), Boström  
and  R oden (1961), Dziewiatkowski (1952, 1953, 1962), Schiller e t al. (1956), 
K ennedy (1960), B elanger (1956), Kowalewski (1958a, b), L ay ton  (1951a, 
b, c) and  those of our working team , the  synthesis of chondroitin sulphate 
and  so the  synthesis of ground substance can be determ ined. Since the  
investigations of K rom pecher (1956, 1958) th is subject has come to  the 
foreground of in terest.
In  conform ity w ith o ther authors, L indner and  co-workers found th a t in 
em bryonic and postem bryonic developm ent of cartilage and bone, biochem i­
cal differentiation precedes m orphological d ifferentiation. W e know the  
p rim ary  concentration of acid m ucopolysaccharides which m ay be dem on­
s tra ted  histochem ically w ith appropriate  staining m ethods in  cartilaginous 
b lastem ata  of 6-day-old chick em bryos (Fig. 1), even before fu rth e r cellular 
d ifferentiation. The sam e finding was ob tained  also in autoradiographs 
a fte r application of 35S (Fig. 2). F igures 1 and  Fig. 2 dem onstrate different 
contents of su lphated  m ucopolysaccharides w ith  varying degree of es­
terification  of unequally  d ifferentiated  cartilaginous b lastem ata  by  m odi­
fied A stra blue staining (Fig. 1) and in autoradiogram  (Fig. 2) a fte r incorpo­
ra tion  of 35S w ith  corresponding different blackening in tensity . Less known
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F ig 1. D em o n stra tio n  o f 
d iffe ren t co n ten t o f  sul- 
p h a te d  m ucopo lysaccha­
rides  w ith  d iffe ren t degree 
o f  esterifica tion  o f u n e q u ­
a lly  d iffe ren tia ted  c a r t i ­
lag inous b la s tem a  w ith  
modified astra-blue staining
F ig. 2. A u to rad io g ram  
a f te r  in co rp o ra tio n  o f  35S 
w ith  co rresponding  d iffer­
en t blackening in ten s ity . 
A s is know n, b iochem ical 
d iffe ren tia tio n  precedes 
m orpholog ical d iffe ren ti­
a tion
is the  fact which will be dem onstrated  in  th e  following th a t  this p rim ary  
biochem ical d ifferentiation takes place during fu rth e r developm ent of 
bone as well. As far as we know, th is  is th e  firs t m orphological dem onstration  
of th is process.
F igure 3 shows the  m etachrom atic reaction w ith  toluidine blue in the  
35S-autoradiogram . The blackening produced by  35S containing m aterial, 
exceeds the  stric tly  lim ited zone of m etachrom asia m arked w ith arrows, 
indicating th e  precise localization of polysulphuric esters of th e  cartilage 
ground substance having high m olecular weight. Obviously, th ey  are com ­
pounds containing 35S w ith no high molecular weight which, in  th e  grow th 
m argins of th e  cartilaginous b lastem a, are probably  m ade available for the  
sulphation  of cartilage polysaccharides.
According to  these examples, i t  is possible to  dem onstrate autoradio- 
graphically  w ith special m ethods of double labelling (see p. 35) th e  for-
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Fig. 3. M etach rom atic  
reac tion  w ith to lu id in  b lue 
on th e  3SS au to rad io g ram : 
th e  b lacken ing  p roduced  
by  35S exceeds th e  s tr ic tly  
lim ited  zone o f m eta- 
chrom asia m arked  w ith  ar- 
row s w hich show s th e  p re ­
cise localizalion  o f  high- 
m olecu lar w eigh t polysul- 
phuric  este rs  o f th e  c a r­
tilag inous g round  su b ­
s tan ce
F ig. 4. S ulpha tion  an d  syn thesis  o f acid m ucopolysaccharides in chond rocy tes d u rin g  
th e  f irs t  ho u r o f  35S inco rp o ra tio n  (a). D ecrease o f  35S a c tiv ity  over th e  cartilag in o u s 
cells an d  increase o f 33S a c tiv ity  over th e  in te rce llu la r substance  24 hou rs  a f te r  35S 
in co rp o ra tio n  (b). E n d  o f  ex trace llu la r release o f labelled  m ucopo lysaccharides; 
th e  cartilag inous cells a re  un labelled  a f te r  several d ay s o f  35S in co rp o ra tio n  (c)
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m ation of ground substance in cartilage and bone cells like in o ther connective 
tissue cells, as well as th e  sim ultaneous form ation of ground substance and 
fibrils in th e  same cartilage cell (Lindner 1963, Schm idt e t al. 1963).
In  conform ity w ith Dziewiatkowski (1962), Boström (1953), Belanger 
(1956) and others, we exam ined system atically  the  tem poral course of 
in tracellu lar m ucopolysaccharide synthesis and  th a t  of the  release of labelled 
m ucopolysaccharides in to  intercellular space. This tem poral course is 
dem onstrated  in Fig. 4.
E ven 30 to  60 m inutes a fte r a single application of 35S, essentially the  
same processes are observed in d ifferent experim ental anim als and  in differ­
en t cartilage tissues as dem onstrated  on the  rib  cartilage of the  ra t  in Fig. 4. 
This applies, ap a rt from  slight differences, to  the fu rther tem poral course 
as well. D uring th e  firs t hour, processes of incorporation and  anabolism  
are already dem onstrable in the chondrocytes, i.e. su lphation and  synthesis 
of acid m ucopolysaccharides in th e  chondrocytes can be dem onstrated  
m orphologically (Fig. 4a). D uring the  fu rth e r course, up to  24 hours, su b stan ­
tia l rad ioactiv ity  and autoradiographicallv  dem onstrable blackening 
rem ained over the  cytoplasm  of th e  cartilaginous cells, by  which, according 
to  the  corresponding evidence presented by  Dziewiatkowski (1962), the  
in tracellu lar synthesis of m ucopolysaccharides has been dem onstrated . 
A fter 24 hours, rad ioactiv ity  was found to  decrease over th e  cartilaginous 
cells and  increase over the  intercellular substance (Fig. 4b). The same s itu ­
ation is observed in th e  following days, until, finally, depending on th e  
experim ental conditions as well as on th e  localization and age of the  exam ined 
cartilage, no labelling is displayed by  the  cartilage cells. The extracellu lar 
release of labelled m ucopolysaccharides has come to  an end (Fig. 4c).
Therefore, in  agreem ent w ith form er statem ents, afte r 35S incorporation 
of a four hour duration  th e  in tracellu lar synthesis of .sulphided acid poly­
saccharides is dem onstrated . This holds for incorporation in  vivo as well 
as in  vitro (on the  analogy of the  investigat ions of Dziewiatkowski [1962] and 
others). Sim ilar findings have been obtained in  the  callus in our prelim inary 
com parative m orphological and  radiochem ical exam inations.
In  our experim ent inbred W istar ra ts  of a s tra in  owned by  the  In s titu te  
were used to  ensure uniform  and  reproducible m aterial. The following 
procedures and  exam inations were perform ed: m echanical p roduction of 
closed fem oral fractures, com parative morphological, particu larly  au tora- 
diographical exam inations (histochemical procedures included) for the  
control of the  norm al course of frac tu re  healing, com bined w ith  qu an tita tiv e  
radiochem ical exam inations. The purpose of our exam inations was to  clarify:
1. w hether th e  m easurem ent of the  incorporation ra te  of 35S does reflect 
the  tem poral course of fractu re  healing w ith a corresponding curve 
having a clear m axim um  a t the  greatest neoform ation of su lphated  
m ucopolysaccharides;
2. w hether drugs or o ther substances acting on th e  connective tissue, gener­
ally used in fractu re healing in  hum an medicine, will delay, accelerate 
or cause any  qualita tive or q u an tita tiv e  changes (e.g. by depression of 
the  m axim um  by tem poral shifting or broadening of th e  norm al m ax i­
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mum) in th e  norma] tem poral course of the  form ation of m ucopoly­
saccharides and sim ultaneously th a t  of the callus;
3. w hether th e  influences m entioned under 2 are or are no t dependent 
on concentration, since i t  has been shown (Lindner 1959,1960 a,l>, 1961a, 
b, 1962b, c, 1963, L indner e t al. 1962) th a t drugs depending on their 
concentration m ay have antagonistic effects on em bryonic or postem - 
brvonic developm ent of connective tissue which fact is of g rea t clinical 
im portance.
Systematic examinations were performed first in dosage series on Cortisol 
and phenylbutazone, as well as on its principal metabolite: oxyphenbutazone. 
Then concentration series were carried out on dextran-containing plasma 
expander Rheomacrodex and on L iq u em in  (a heparin preparation).
T reatm ent of in traperitoneal injections twice daily  was begun on th e  
day  of frac tu re  induction and  carried on un til 24 hours preceding the  an i­
m als’ sacrifice. A fter the  anim als were killed, the  callus tissue was isolated, 
im m ediately reduced to  pieces under appropriate  conditions, transferred  to  
W arburg  flask and  incubated  for four hours in K rebs-R inger-phosphate 
or K rebs-R inger-substrate buffer solutions w ith 1 or 5 fic of 35S added. 
In  order to  ob tain  com parative data , cartilage tissue of rib  and  xiphoidal 
processus, in tac t femoral bone as well as skin of th e  back and  aortae of 
tre a ted  and u n trea ted  ra ts  were incubated  in the  same m anner. During 
incubation in the  W arburg apparatus, oxygen consum ption was m easured 
constan tly  in th e  usual w av and  subsequently  calculated w ith regard  to  the 
w et weight determ ined previously or to  the d ry  weight determ ined 
subsequently.
The incubation of four-hour dura tion  was followed by  dialysis lasting 
24 hours, in order to  elim inate the  non-incorporated inorganic sulphate. 
Then the  following procedures were perform ed: determ ination  of d ry  
weight, wet ashing, p recipitation of sulphate as barium  sulphate, meas­
urem ent of rad ioactiv ity  in m ethane-flow -counter (Frieseke an d  Hoepf- 
ner) and  recording of th e  results as im pulse ra tes (min/mg d ry  weight; 
for fu rth e r details see L indner 1962 a, b, c, L indner et al. 1962, Schm idt 
et al. 1963, Becker et al. 1963, 1964).
The com parative autoradiographic exam inations, m entioned above, 
were carried ou t w ith th e  stripping film technique using K odak  A R 10, 
and  the  accom panying histochem ical exam inations were perform ed using 
com jionent-histochem ical procedures, particu larly  for the  dem onstration 
of acid m ucopolysaccharides.
The results of m orphological estim ations are n o t repo rted  here, since 
the  gross anatom ical and  microscopical p a tte rn s  (obtained w ith routine 
staining m ethods) of callus form ation, and  th a t  of th e  healing of these 
experim ental fractures of the  ra t  fem ur are known. Our findings have been 
in full agreem ent w ith those obtained  by o ther authors.
From  these exam inations an  im p o rtan t resu lt was obtained, nam ely 
th a t  by  histochem ical m ethods the  period from the  n in th  to  the  fourteen th  
day  a fte r fractu re  has been established as the  period in which th e  acid 
m ucopolysaccharide conten t of the  callus tissue is the  highest.
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F ig . 5. High content of 
acid mucopolysaccharides 
(violet) demonstrated by 
toluidine blue in com ­
parison with neutral 
polysaccharides (red) in 
the callus tissue of 11- 
day-old femoral fracture 
of rat
F ig. 6. H ig h  co n ten t o f 
acid  m ucopo lysaccharides 
(blue) d em o n s tra ted  b y  
com bined a s tra  b lu e — 
PA S s ta in in g  in  com ­
p arison  w ith  n e u tra l 
po lysaccharides (red) in  
th e  callus tissue o f 14- 
day-o ld  fem oral fra c tu re  
o f  r a t
Figures 5 and  6 show the  high acid m ucopolysaccharide conten t violet 
(Fig. 5) or blue (Fig. 6), dem onstrated  by  toluidine blue or com bined 
A stra  blue— PAS staining, in com parison w ith  neu tra l polysaccharides (red) 
in  th e  callus tissue of 11-day-old (Fig. 5) and  14-day-old (Fig. 6) fem or­
al fractures of ra ts.
B y parallel autoradiographic exam inations, as m entioned above, an  
identical histotopological localization of 35S incorporation was established 
in  the  chondroblasts of callus tissue a fte r incorporation in  vitro, and  in the  
chondroblasts of growing cartilage a fte r incorporation in  vivo (Fig. 4). 
This proves th e  fact th a t , during an  incubation in  vitro of four hours w ith 
3oS, th is substance is em ployed alm ost exclusively for th e  in tracellu lar syn ­
thesis o f acid m ucopolysaccharides.
In  Fig. 7 th e  in tracellu lar incorporation of 35S in to  th e  chondroblasts of 
12-day-old (Fig. 7a) an d  14-day-old (Fig. 7b) callus tissue is dem onstrated .
14 197
Fig. 7. Intracellular incorporation of 35S in chondroblasts of 12-day-old (a) and 14
day-old (b) callus tissue
By the  radiochem ical exam ination of th is m ateria l we have been able to  
dem onstrate  th e  synthesis o f acid m ucopolysaccharides and  perform  q u an ti­
ta tiv e  determ ination  of th is synthesis in com parative experim ental series.
F igure 8 shows th a t  under different conditions in the  tissues m entioned, 
oxygen consum ption is parallel w ith th e  incorporation of su lphate and  thus, 
w ith th e  synthesis of m ucopolysaccharides. On the  left of the  figure it is 
dem onstra ted  th a t  under equal experim ental conditions th e  un trea ted  
costal cartilage has th e  highest oxygen consum ption. Previous trea tm en t 
w ith 10 mg hydrocortisone/200 g ra t, daily  for 16 days was found to  decrease 
oxygen u p take precisely as it decreased the u p take of 35S. In  com parison 
with young anim als weighing 200 g, usually em ployed by  us, the  rib cartilage 
of older anim als showed a  still sm aller ex ten t of oxygen consum ption. The 
sm allest degree of oxygen consum ption was observed in the rib bones and 
back skin of un trea ted  controls. All these values are averages. The righ t side 
of Fig. 8 illustrates th a t  p re trea tm en t of the  ra ts  w ith  hydrocortisone for 
16 or 14 days, results in a reduction of oxygen consum ption depending on 
the  dose (5 or 10 mg/200 g ra t  daily), while a 12-day trea tm en t w ith 2'5 mg 
oxyphenbutazone/200 g daily  stim ulates the oxygen consum ption of the  
callus tissue com pared with th a t of the  controls. The same holds for the 
incorporation of sulphate.
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F ig. 8. 0 2-consum ption  b y  cartilage , bone an il sk in . C om parison o f th e  in fluence 
o f  C ortisol an d  oxy p h en b u tazo n e  w ith  u n tre a te d  con tro ls
Figure 9 shows a section of the  norm al course of the  synthesis of callus 
ground substance, w ith  a m axim um  between the  ten th  and  th e  th irteen th  
day  afte r experim ental femoral fractu re  of the  ra t. In  addition, a rem ark ­
able stim ulation of m ucopolysaccharide synthesis in th e  callus is recogniz­
able on th e  left side, indicating th e  averages of the  incorporation ra te  of 
xiphoidal process, rib cartilage and  rib bone, com pared w ith in tac t cartilage 
and  bone tissue. Finally, from  Fig. 9 it  is clear th a t  the  th ree  doses of 
Cortisol used (1,5 and  10 mg/200 g ra t  daily, i.e. 5 ,25 and 50 mg/kg ra t  
daily), com pared with th e  controls, 
resulted  in a  m arked inhibition  of 
the  35S-incorporation and thus, of dry weight
th e  form ation of ground substance 72 
and callus, parallel w ith th e  inh i­
bition of oxygen consum ption. 10 
The m axim um  of ^ - in c o rp o ra ­
tion  and  m ucopolysaccharide syn­
thesis in un trea ted  calluses be- 7500- 
tween the  ten th  and  th irteen th  
day  afte r fractu re was found to  be 
rem arkably  reduced or even absent 5000- 
following Cortisol trea tm en t.
2500-
F ig . 9. C om parison o f th e  n o rm al 
co u rseo f th e  sy n th e s iso f  callus ground  
su b stan ce  w ith  the  influence o f C ortisol 
(d ifferen t doses) upon  g round  sub- ^
s tan ce  syn thesis
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Ipm/mg body weight!
Conto 1 2-5 5 10 mg Conto 1 2-5 5 mg Conti: 12-5 5 mg/200 g body weight 
12 th day 74 th day 16 th day
F ig. 10. Influence of 
oxyphenbutazone (dif­
ferent doses) upon 
ground substance syn­
thesis. Comparison with 
untreated controls
These findings are in agreem ent w ith  the  corresponding results of o ther 
au thors also obtained with 35S in norm al m ucopolysaccharide synthesis 
and  in th a t  influenced by Cortisol trea tm en t. M ention should be m ade of 
th e  work of L ay ton  (1951a, b, c) on in tac t cartilage and bone of ra ts , Boström  
and  Odeblad (1953a, b) Schiller e t al. (1956), H uble (1957) on chick em bryo, 
Kowalewski (1958a, b) on frac tu re  callus, Lash and W hitehouse (1961) on 
chondrogenesis, etc. The results of these au thors are in agreem ent w ith 
those obtained by  us (Lindner 1961a, b, 1962 a, b, c, 1963, L indner e t al. 1962, 
Becker et al. 1964), Schlieben (1964) Schlieben e t al. (1964), K roger (1965) 
and W ittig  (1965). The horm onal influences on th e  healing of bone fractures, 
em phasized by K rom pecher (1958), have been kep t in view also in therapy .
The findings on th e  influence of Cortisol and  some of the  drugs on em bry­
onic and  postem bryonic form ation of connective tissue are discussed on 
p. 35
According to  these exam inations, the  effect of substances does no t 
depend only on tim e b u t also on concentration, so th a t  increasing concentra­
tions can result not only in linear curves of inhibition or stim ulation  of connec­
tive  tissue, b u t also in  con trary  effects. The em bryonic developm ent of 
cartilage and bone was particu larly  evidenced by  K roger (1965), and  by 
o ther authors, e.g. by  Hilz (1960) in  experim ental atherosclerosis of the  ra t, 
by  R ohde e t al. (1961) in cultures of fibroblasts, etc. These findings are 
im p o rtan t clinically. Sim ilar findings were obtained in our exam inations on 
callus.
Figure 10 dem onstrates th a t  the  trea tm en t of bone fractures w ith oxy­
phenbutazone produces an  increased synthesis of ground substance, 
unequivocally depending on concentration.
The ra ts  were given 1, 2 -5 ,5 a n d l0  mg/200 g ra td a ily , i.e. 5, 12- 5, 25 and 
50 mg oxyphenbutazone/kg ra t daily. This daily dose was adm inistered in 
tw o in traperitoneal injections, beginning from  the  day  of fractu re  induction. 
From  Fig. 10 i t  is clear th a t  th e  medium  dose of 2-5 mg/200 g ra t  is th e  m ost 
effective in stim ulating  th e  incorporation of 3SS and  thus, th e  synthesis of 
m ucopolysaccharides, by  which the  neoform ation of connective tissu e—in 
th e  present case, th a t  of callus —can be q u an tita tiv e ly  determ ined. The
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F ig. 11. In flu en ce  of 
phenylbutazone (d iffer­
e n t doses) upon  ground 
substance  syn thesis . 
C om parison w ith  u n ­
tre a te d  con tro ls
Ipm/mg dry weight
Corirl 2 5  5  10mg Contn 1 2-5 5 mg Contr. 7  2 - 5  5 mg/200g bodywekfrt 
12th day 14th day 16 thday
callus was found to  increase w ith o ther concentrations of oxyphenbutazone, 
too, com pared w ith the  controls. I t  is of in terest th a t  the  effect of oxyphen­
butazone was recognizable even gross anatom ically  by  the  condition and  
ex ten t of th e  callus tissue, microscopically, and  in  particu la r by histo- 
chemical evidence. I t  is no t possible, how ever—in opposition to  the  rad io ­
chemical m ethods used by us for th is purpose—to  obtain  precise q u an ti­
ta tiv e  d a ta  w ith this procedure (as well as w ith 35S autoradiogram s).
I t  is also of in terest th a t  the sam e concentrations of the  m other substance, 
phenylbutazone, also showed an increase of the  m ucopolysaccharide synthesis 
of the  callus (Fig. 11), though no t identical w ith oxyphenbutazone and m erely 
on the  tw elfth  day  w ith  th e  doses exam ined. On the  fourteen th  day  the  in ­
crease is g reater w ith daily doses of 1 or 2-5 mg/200 g ra t  (i.e. 5 or 12-5 mg/kg 
body weight), whereas doses of 5 mg/200 g ra t  (i.e. 25 mg/kg body weight) 
effect a decrease, com pared w ith th e  controls. On the  six teen th  day  the  
m edium  dose alone results in higher values th a n  in the  u n trea ted  controls, 
while the  values obtained w ith th e  o ther doses are no t essentially d ifferent 
from  those of the  controls. I t  is again the  m edium  dose th a t m ostly  exceeds 
th e  control values on the  fourteen th  day, too. E ventually , th e  values of 
phenylbutazone obtained w ith sim ilar doses are not essentially less th an  
those of oxyphenbutazone, though the  double am ount of th e  m ost active 
m etabolite of phenylbutazone has been applied during th e  trea tm en t of 
oxyphenbutazone. This finding is an  indication of the  fact th a t  not only 
oxyphenbutazone, the  firs t m etabolite of phenylbutazone, b u t also phenyl­
butazone as a whole, and  probably its o ther m etabolites seem to  have a 
specific influence on th e  neoform ation of connective tissue (Lindner 1951, 
1960a, b, 1961a, b, 1962a, b, c, 1963, L indner et al. 1958, 1962, E ckstein e t al. 
1960, Schweinitz e t al. 1960, Schlieben 1964, Gries 1965, Schröder 1965, 
W ittig  1965, K röger 1965).
As a resu lt of our com parative m orphological (histochem ical and  
autoradiographical) as well as radiochem ical exam inations on experi­
m ental fractu re  healing in th e  ra t, th e  following conclusions have 
been drawn.
As evidenced in prelim inary exam inations, th e  incorporation ra tes of 
35S in  vitro, a fte r an  incubation of 4 hours in W arburg apparatus (m easuring
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sim ultaneously oxygen consum ption), can be used as a qu an tita tiv e  m easure 
of th e  synthesis of acid m ucopolysaccharides.
A fter the histotopological localization of 35S-incorporation in em bryonic 
and  juvenile cartilage, and  in callus tissue, evidence of in tracellu lar incor- 
poration of 35S and m ucopolysaccharide synthesis and m orphological p roof 
and  control of th e  radiochem ical exam inations are reported .
During norm al callus form ation, m axim al m ucopolysaccharide synthesis 
is found between th e  n in th  and  th irteen th  day  a fte r fracture.
In  order to  elucidate th e  theoretical and  practical im portance of 
w hether th is m axim um  and, generally, th e  course of m ucopolysaccharide 
form ation (as decisive synthetical step  of the  healing of bone fractures) 
undergo qualita tive or q u an tita tiv e  changes due to  delaying or accelerating 
influence of drugs, the  effect of certain  drugs used in hum an medicine 
during healing of bone fractures were analysed.
The m ost im p o rtan t resu lt of these exam inations appears to  be the  finding 
th a t the  influence of these drugs on callus form ation (similar to  o ther connec­
tive tissues) depends on concentration in  a special m anner, i.e. contrary  
effects m ay occur w ith increasing concentrations. This finding is of g reat 
theoretical and practical im portance.
A t the  sam e tim e, these exam inations have shown th a t by com parative 
morphological and  radiochem ical m ethods it  is possible to  localize histo- 
topologically and  obtain  precise q u an tita tiv e  determ inations concerning the  
decisive steps of in tracellu lar and  extracellular form ation of connective 
tissue.
F inally , th e  com parison o f these findings w ith the  results obtained in 
o ther connective tissues shows sim ilarities, b u t also peculiarities in the 
synthesis and  m etabolism  of th e  various connective tissues leading thus, to  
fu rth e r progress in th e  system atical investigation of connective tissues 
under physiological and  pathological conditions.
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F U R T H E R  OBSERVATIONS ON BONE ELON GATIO N BY 
A N D E R SO N ’S M ETHOD
by
M. W e i s s , H. H a l s k i  a n d  J .  G r t t d n ie w s k i
CLINIC OF REH A BILITA TION , ACADEMY OF M EDICINE 
W ARSAW /KONSTANCIN, POLAND
A t a  m e e t i n g  of th e  Polish O rthopaedic and T raum atic  Association held 
in Lublin  in 1 !)(33, we reported  on our early  observations on bone elongation 
in  lower extrem ities of children in postpoliom yelitis s ta te , trea ted  by  
A nderson’s (1052) m ethod  which we in troduced in 1961. This prelim inary 
clinical rep o rt was based on the  analysis of 10 cases. So far we have trea ted  
65 cases. A part from  several cases where the  children are still kep t in p laster 
following operation, and i t  would be too early  to  assess these results, we 
have analysed 50 cases in which the  period of observation ranged from  1 to  4 
years. The ap p ara tu s  em ployed for elongation is p resented in Fig. 1.
D uring four years of s tu d y  (Mitchell 1963, T ru e ta  1956) and work we have 
in troduced  certain  m odifications in th e  procedure adop ted , and  we have 
also encountered some com plications and  difficulties which are discussed, so 
th a t  orthopaedists in terested  in th is m ethod could avoid them .
1 . To shorten  the  tim e needed for elongation of the  ex trem ity , we have 
in troduced a  m odification which consists of th e  sim ultaneous perform ance 
of the  firs t stage surgery, i.e. resection of th e  fibula righ t above th e  ankle 
and  fix a tio n  of its lower p a r t to  the  tib ia  w ith a nail or a wire loop; th e  m ain 
operation consists in the  subperiosteal fractu re  of the  tib ia  half way its  
length and subsequent elongation in A nderson’s apparatus. B y th is m odi­
fication we have been able to  perform  the  tw o operations in one stage and  
have gained six weeks which had to  elapse between the  tw o operations 
by using the  original m ethod.
2. Serious difficulties were encountered in m aintain ing the  in itial position 
of the foot as the  elongation progressed. The triceps muscle being the  strong­
est of the  leg muscles caused equinus foot, a  still larger deform ity  (22 
cases) which in 2 pa tien ts necessitated a  second procedure of correction 
(Figs 2 and  3). At first p lan ta r flexion was ensured by a posterior p laster 
trough , and  then  bv an U shaped  p laster support w ith  its  ends fasten ­
ed to  th e  apparatus. In  some cases th is exerted  a pressure on the  upper 
p a r t of th e  ankle, fla tten ing  the  foot even bringing abou t a deform ity  (I 
case, Fig. 4).
To avoid these complications, abou t one year ago we have in troduced  
fixation of th e  ankle in fastening the  heel by tw o Kürschner wires, to  the  
tib ia . Satisfactory results were obtained and  the  dam age caused in tw o 
sm all points of the  articu lar cartilage was m uch sm aller th an  the  effect
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F ig . 1. E x ten s io n  a p p a ­
ra tu s  used fo r elongation  
o f th e  ex trem itie s
F ig . 2. S econdary  deform ­
ity  (equinus foot) caused 
b y  p ressu re  o f th e  tr iceps 
m uscle
of a prolonged and ever increasing pressure upon the  a rticu lar surfaces 
(Fig. 5).
We have also adopted th e  principle th a t in case of equinus foot, prior
2 0 6
Ki g . 4. D efo rm ity  caused 
by  th e  p ressu re  o f  th e  
a p p a ra tu s  on th e  u p p e r 
pari, o f  th e  ank le
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Fig. 3. Procedure to correct a secondary
defo rm ity
F ig. 5. F ix a tio n  o f th e  an k le  b y  fa s te n ­
in g  th e  heel w ith  tw o  K irsch n e r w ires 
to  th e  t ibia
to  th e  m ain operation we elongate th e  Achilles tendon. The in itial position­
ing of th e  foot should be 90°.
3. An increased tension of th e  Achilles tendon also resulted  in  angular 
dislocation of the  fragm ents, particu larly  in the  p lane of the  fibula (Fig. 6). 
In  tim e, however, such dislocations healed well and  the  axis of th e  leg became 
gradually  com pensated (Fig. 7).
4. A  too low in troduction  of S teinm an’s pins near the  ankle resulted  in 
I>ain, swelling and lim itation of the  range of foot m obility. This com plication 
was avoided if  th e  bolts were placed abou t 5 cm above the  jo in t (1 case, 
Figs 8 and  9).
5. I f  the ex trem ity  in p laster was loaded too early, it  resulted  in  an inflec­
tion  o f the  newly form ed bone by approaching the  fractu red  bone ends 
tow ards each o ther (3 cases, Fig. 10). This causes loss o f elongation already 
achieved and  it  re ta rds healing. Loading of the  ex trem ity  in  p laster follows 
now, depending on the  X -ray  p icture giving evidence of the  form ation of 
fresh bone tissue. Generally, th is occurs 4 to  5 m onths a fte r the  process of 
elongation has come to  an  end, i.e. one m onth  in th e  apparatus, two m onths 
in p laster w ith tw o S te inm an’s pins (one upper and  one lower), to  counteract 
m uscular forces, and  one m onth in p laster dressing w ithout load. The p laster 
dressing can be rem oved, b u t full loading can only be s ta rted  a fte r the 
X -ray  p icture shows evidence of the presence of the bone-m arrow  canal and  a 
cortical bone layer (Figs 11 and 12). This is generally a tta in ed  a fte r 8 to  10 
m onths.
6. In  2 cases (Fig. 13) fractu re of th e  elongated p a r t  occurred as a  result 
of a trau m atic  in jury . Both cases healed well (Fig. 14).
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F ig . 6. Increased  tension  
can  re su lt in  an g u la r 
d is location  o f  th e  frag ­
m en ts  (see also  F ig . 7)
F ig . 7. A n g u la r d is loca­
tio n  as a  re su lt o f  t r e a t ­
m e n t (see F ig . 6) can  be 
g rad u a lly  com pensated
In  children aged 13 to  15 years, we have perform ed double fractu re  of the  
tib ia  in  order to  dim inish th e  d istance between tlie bone ends. The ra te  of 
healing was norm al in  5 cases (Figs 15 and  16).
7. Minor superficial reactions around S teinm an’s pins were checked with 
pads soaked in  R ivanol. The gauze placed around the bolt close to  th e  skin su r­
face was kep t wet. W e have obtained  good results with open trea tm en t ap p ly ­
ing G enciana on the  skin, w ithou t covering the bolts w ith gauze. The reaction
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F ig. 8. S te in m an ’s p in s lo ca ted  too  low  
caused pa in , sw elling, e tc . (see F ig . 9)
F i g . 9. U n d istu rb ed  fu r th e r  tre a tm e n t 
was achieved by  p lac ing  th e  bo lts  ab o u t 
5 cm above th e  ank le  jo in t
I
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F i g . 1 0 . Too ea rly  lo a d ­
ing o f  the e longated  bone 
re su lts  in  an  in flec tion  o f  
th e  new ly  form ed bone 
causing  loss o f e lo n g a­
tion  a n d  re ta rd e d  h ea ling
F i g . 1 1 . R ig h t tim e o f 
lo ad in g  d e te rm in ed  by  
th e  X -ra y  p ic tu re ; a p ­
p earan ce  o f  a  co rtica l 
lay e r
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was generally superficial. Only in one case have we encountered more serious 
reaction: pain, rise of tem peratu re , etc. In  th is case elongation had  to  be 
term inated , the  pins and  th e  apparatus removed, though  only an  elongation 
of 4 cm had  been obtained instead  of the  planned 6 cm. A fter rem oval of the 
appara tus and pins, healing was com pleted in four weeks.
T E C H N IQ U E
F irst step. A longitudinal incision on the  an tero latera l surface of the  leg 
m ade on one-th ird  of its  lower p a r t  perm its to  reach the fibula. Then the  
periosteum  is incised and  removed, and an oblique cut is m ade through  the 
bone ex ternally  upw ard and  in ternally  in a sag itta l plane. From  th e  upper 
p a r t  of th e  bone a piece of abou t 1 to  2 cm is cu t off. A fter the  periosteum  
has been rem oved, a slanting incision is m ade across the  tib ia  by  which 
a bone wedge is formed. The lower p a r t  of the  fibula is inserted  under th is 
wedge. Then p laster was p u t on for six weeks. Such a procedure prevents 
ex ternal ro ta tio n  of th e  foot when th e  leg is la ter exposed to  extension.
M ain  operation. F our S teinm an pins (two upper and  two lower) are passed 
th rough  the  holes in  the  extension appara tus in the  epiphyseal region of the  
tib ia  in  a  fron ta l plane. The appara tus is rem oved: a small incision is m ade 
in the  skin and  the  tib ia  is drilled th rough  transversally  a t half its  length,
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F ig . 12. See cap tion  to  
F i g .11
F ig. 13, Fracture of the elongated part 
due to traumatic injury
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F ig. 14. Healing of fracture of the 
elongated part (see Fig. 13)
F ig. J ő. In  ch ild ren  aged  J 11 to  15 
years , doub le  fra c tu re s  w ere m ade on 
th e  tib ia  to  d im in ish  th e  d is tan ce  
betw een  t he bone ends. N orm al healing
F ig. 1(). See caption to 
Fig. 15
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and  the  shaft of the tib ia  is broken a t th is level. The extension ap p ara tu s  is 
again placed on Steinm an pins and the  bone ends are fixed. A plaster sp lin t 
m ay be used to  support the  foot.
Procedure. The day  a fte r the  operation the process of elongation is s ta rted  
by m eans of th e  d istance-adjusting screws on th e  appara tus and  th ey  are 
given a h a lf tu rn  twice a  day. The screws are calibrated  and  a 180° tu rn  
provides an elongation of 0-5 mm (one full tu rn  daily, i.e. 1 mm). The elonga­
tion  process is checked by periodic X -ray exam inations. W hen the  desired 
leng th  has been obtained, the  ex trem ity  rem ains in the appara tus un til th e  
fresh bone tissue becomes adequately  calcified in  abou t ten  weeks. I f  th e  
appara tus were to  be rem oved too early, this would resu lt in dim inishing the  
elongation obtained  because of th e  contracting effect of the  muscles. A fte r 
rem oval of the  apparatus, the  ex trem ity  is placed in p laster un til the  bones 
are entirely  firm .
C O N C LU SIO N S
As a resu lt of the analysis of 50 cases, we believe th a t  A nderson’s p roce­
dure is the  m ethod of choice in elongating the  extrem ities in children where 
length loss does no t exceed 3 to  4 cm.
In  applying this technique, p articu lar a tten tio n  should be paid  to  have 
th e  Achilles tendon set under proper tension and  to  the  position of th e  foot 
as well as to  its fixation  a t  an angle of 90°.
Loading of th e  ex trem ity  should be s ta rted  while it is in p laster and  under 
X -ray  control, though no t earlier th an  four m onths a fte r com pletion of th e  
elongation process. Full loading w ithou t p laster dressing can be perform ed, 
depending on th e  X -ray  pictures, b u t no t earlier th an  a fte r eight m onths.
As regards children up to  12 years of age, we believe th a t  there is no 
ai^parent justification to  lim it the  range of elongation to  6 cm. In  several 
cases we have obtained elongations ranging from  12 to  14 cm. In  such 
cases the  tim e of im m obilization has been prolonged.
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EFFECT OK FUNCTIONAL FACTORS ON CALLUS FORMATION IN
CLINICAL PRACTICE
by
S. P e l l e t
DEPARTMENT OF SURGERY, COUNTY HOSPITAL, DEBRECEN, HUNGARY
I n the healing of bone fractures, th e  dem onstration  of the  role of function 
and  its system atic em ploym ent is b u t a p a r t  of our com prehensive scientific 
subject in  which the  functional reaction to  stim ulus and  the  correlations of 
tissue regeneration are investigated  in th e  trea tm en t of in ju red  people.
In  its p resen t form ulation, th e  qualita tive  ad ap ta tio n  and  th e  system atic 
use of th e  specific biological stim ulus as a healing factor as conceived by  
K rom pecher provides th e  theoretic basis for m odern functional trea tm en t.
The application of the  m ethod is ju s t as varied  and diverse as are the  
various kinds of fractures and  th e ir degree of severity.
In  th is stu d y  I  wish to  present the  experience ob tained  in  th e  least solved 
b u t all th e  more discussed field of th is problem , nam ely, th e  experience 
gained in  th e  course of the operative and immediate postoperative functional 
treatment of bone fractures.
The ta sk  was outlined in  R iga by Klemm in 1894 as follows: th e  bone 
m ust be assured of rest, b u t the  joints, the  muscles, the  tendons, th e  fascia 
m ust n o t be deprived of movement.
This concept is reflected by K iin tscher’s classical operative m ethod as 
well as by  th e  procedure of W illenegger and  Schenk.
The con trast between m ovem ent and  rest in the  identical segm ents of 
the  organism  can only be resolved if  th e  in ju red  organs are s tru c tu ra lly  
restored. The purpose of th e  m ethod is to  disregard ex ternal fixation  entirely  
or to  modify it in such a w ay as to  enable all th e  jo in ts of the  ex trem ity  to  
function a t least during the  period of trea tm en t. This provides the  only 
possibility for the  m edium  tissue of the  ru p tu red  tissue s tru c tu re  to  differen­
tia te  subsequently  in to  valuable elem ents under the  influence of th e  function­
al stim ulus and p reven t it from developing in to  a scar which would mean 
failure o f regeneration.
N um erous au thors are prone to  blam e the  operation d irectly  for the  
cicatrization and th e  insufficient callus form ation.
Our experience, however, contradicts this concept and  points ra th e r  to  
th e  operative technique, and m ainly to  the postoperative tre a tm e n t as 
being responsible.
I f  th e  operation m ust be supplem ented by ex ternal fixation, i t  will u n d o u b t­
edly influence th e  result of the  healing disadvantageously. Most of our 
problem s arose in  connection w ith  ensuring this condition and  are no t yet 
solved in m any respects even today.
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F ig. 1. B . G. 88-year-old m an . T rau m a  (15. 3. 1965); b road  d ias tasis  
betw een  th e  frag m en ts  o f th e  right pa te lla  increasing  i f  th e  knee is 
b en t; sign o f  to ta l ru p tu re  o f th e  ex ten so r a p p a ra tu s
The view of th e  necessity of p laster fixation has become so deeply rooted 
in th e  general practice th a t  it is exceedingly difficult to  m ake any 
headw ay against it.
I t  is necessary to  m ention th a t one of the  fundam ental conditions of th e  
trea tm en t is to  block the  sensation of pain. This problem  m ay be considered 
to b e  solved by the  adm inistration  of S cu tam il— C.
Injuries of the  associated soft p arts : the wounds— in terstitia l haem or­
rhage- heal well in the  functioning ex trem ity  and  are absorbed  quickly. 
N eurovegetative and  c ircu latory  disorders become easily avoidable com ­
plications.
The s ta te  of hea lth  and disease can, in general, be successfully bridged 
over by  the  artific ial physiological milieu due to  the  operation and  the 
reduced function of th e  organism.
In  contrast to  general practice, functional trea tm en t should no t be sus­
pended on account of inflam m atory  sym ptom s, purulence or in case of 
feverish condition.
A sim ilar procedure should be followed in case of blood and  plasm a accu­
m ulations.
I t  is strik ing how m uch the  tissue function can help and  to  w hat ex ten t 
it can facilitate the  solution of the  com plications.
I t  was found necessary to  em phasize the  foregoing because in general 
practice the  already  s ta rted  functional th erap y  is brought to  a stop when
2 1 8
F ig. 2. C on tro l (B. G., 
25. 6. 1965); osseous h ea l­
ing  w ith  com plete  func- 
t ion
the  sym ptom s, m entioned above, present them selves. A s tric t rest is p re­
scribed or else a  fixative dressing is applied everywhere.
I t  is only n a tu ra l to  reduce th e  ex ten t of the  functional stim ulus in these 
cases, and  to  em ploy assisted functional trea tm en t sim ilar to  th a t  applied 
in the  postoperative period of serious cases.
Taking stock of our 5000 patien ts  w ith bone injuries trea ted  in the  spirit 
of functional conception since 1958, i t  m ay be established th a t the  s ta r t  
was m ade w ith  tim id a ttem p ts  because 
not even we dared to  tru s t  sufficiently 
th e  success of the  new trea tm en t, nor 
were we acquain ted  w ith  its  therapeu tic  
effect. Time, and  chiefly the  patien ts 
them selves, convinced us of th e  ad ­
vantages of th e  novel trea tm en t. Of 
th e  m ethods concerning th e  trea tm en t 
of closed fractures, we p a rtly  follow 
Böhler’s technique and  partly  P ap ’s 
m ethod of active m ovem ent therapy .
Of the  operative procedures we employ 
those which m ake postoperative ex­
terna l fixations unnecessary.
The illustrations are selected from  
such operated  segm ents which, in p rac­
tice, cause th e  surgeon m ost trouble 
and are responsible for m ost failures 
(knee, elbow, leg, shoulder).
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Fig. 3. C. M. 45-year-old  m an . T rau m a  (10. 
2. 1904); fra c tu re  o f  th e  le f t p a te lla  w ith  
g re a t d is location  and  to ta l  ru p tu re  o f th e  
ex ten so r a p p a ra tu s
F ig . 4. C ontro l (C. M ., 
23. 4. 1965.). R e-o rgan iza- 
tion  o f  re -o p era ted  p a te lla  
w ith  com plete  fu n c tio n . 
The ram ified  s tru c tu re  
visible in  th e  quad riceps 
te n d o n —trace  o f i r r i t a ­
tion  caused b y  th e  w ire — 
did n o t d is tu rb  fu n c tio n
I t  m ust have been 
the  lack of knowledge 
concerning antibiotics 
and  th e  as yet insuffi­
cient sterility  of surgi­
cal in terventions th a t  
prevented th e  p ropaga­
tion  of L is te r’s and  T u r­
n e r’s m ethod of in tra-osseal patella  w ire-suture and  early  functional 
trea tm en t, a lthough it  m ay be po in ted  out th a t  the operative and 
im m ediate functional trea tm e n t o f th e  complete ru p tu re  of th e  extensor 
appara tus of the  knee is a strik ing proof for the  controllability  of th e  tissue 
differentiation following injury.
A suitable th erap y  may be decided upon on the  basis of anteroposterior 
and lateral X -ray pictures m ade of the  extended knee and of th e  lateral
and  tangen t X -ray pic­
tures of the  flexed knee.
In  th e  case of m ilder 
d istraction, th e  trea tm ent 
is conservative.
Operative in tervention  
is resorted  to  only if  the  
extensor apparatus is 
essentially in jured  — this 
is indicated  by  th e  d is­
trac tio n  of th e  fragm ents 
of th e  flexed knee.
An intra-osseal U-wire 
su tu re and cerclage is ca r­
ried ou t from  a transverse 
section. The d isrupted  
ligam ents are un ited  w ith
F ig . 5. S. I. 17-year-old m an . 
T raum a (30. 12. 1962); pos­
te ro la te ra l sp ra in  o f the  
elbow  jo in t w ith  a frag ­
m e n ta ry  frac tu re  o f th e  
ep iphysis o f th e  hum erus
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F ig . 6. C on tro l (S. I ., 21. 2. 1963). 
A fte r rem oval o f fix ing  w ires, good 
position  an d  good function
situ a ted  stitches. A com pres­
sion dressing of elastic bandage 
is applied. A fter awakening, 
th e  therapeu tic  program m e is 
reeled off quickly and  u n in te r­
rup ted ly : assisted active gym ­
nastics, th en  gradual gym nas­
tics w ithout any  loading, and 
th en  walking w ith crutches.
From  the th ird  week on, 
walks in  water, from the  fourth  
week gradual loading. From  8 
to  10 weeks a bony unification 
w ith perfect functioni ng ensues 
in  general.
Twenty-four patella  fractures 
were operated  (Figs 1 to  4). In  
fact, tw o of these were re-ope­
ra ted  because the  p a tien t fell 
and  the  bone sutures came 
apart. P ate lla  b ip a rtita  devel­
oped in one of these patien ts  
w ith com plete function, while 
th e  o ther p a tien t healed w ith 
perfect results even a fte r the  
second trau m a  and  the  rep ea t­
ed operation.
The elbow joint, a no less 
critical region, is even more 
prone to  become rigid th an  the 
knee. I t  is an  easy te rrito ry  
for various in ternal syntheses: 
compressor screws; nails; plates; 
Y —X — A  fixations. Even
F ig. 7. S. T . 32-year-old m an. 
T rau m a  (5. 2. 1965); le f t elbow  
jo in t, fo re-arm  an d  h an d  slashed  to  
pieces, sp ra ined  an d  b u rn ed . O pen 
frac tu re s  o f  th e  o lecranon, rad iu s, 
u ln a  an d  os nav icu la re . M edian and  
u ln a r  nerves an d  m uscles o f  th e  
fo re-arm  severe ly  in ju red
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F ig . 8. C ontro l (S. T ., 29. 6. 1965). E v id e n t 
callus fo rm ation  betw een th e  b roken  bone 
ends. F u n c tio n a l lim its  o f  th e  elbow  jo in t 40°
in  the  m ost com plicated cases it  seemed 
sufficient to  apply  an  abductional p laster 
splint to  the  ex trem ity  tem porarily , o th er­
wise it  is suspended from  the  neck by 
m eans of a m itella.
As a recent case (Figs 5 and 6) we 
present the  fragm entary  fractu re  of the 
sprained righ t elbow of S. I., a 17-year-old 
m an. Campbell penetration followed up by  
delta  fixation, abductional p laster splint 
for six weeks, a t  firs t assisted, la te r inde­
penden t unloaded gym nastics daily, use of 
th e  ex trem ity . A t present he is working as 
a carpenter w ith to ta lly  restored function.
The left elbow jo in t of N. I., a 40-year- 
old joiner, was cu t in  two by a ro tary  
saw, leaving only a slight u lnar soft spot 
in tac t. Osteosynthesis, su tu re of the  nerve 
(rad ial—m edianus) ligam ents, tendons 
and  muscles, a p laster sp lin t applied to
Fig . 9. B. J .  36-year-old m an . T rau m a  (5. 5. 1958); in tra th o ra c ic  d is location  
o f th e  fra c tu red  hum erus head . The tu b e reu lu m  m áju s  h as b roken  off. 
F rac tu red  ribs 11 to  IV
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F ig . 10. A x illary  X - 
ra y  p ic tu re  o f  case in 
F ig . 10. B one f ra g ­
m en ts  a re  seen b e ­
side the  d ecap ita ted  
hum erus
the  arm, forearm  for two weeks. Osseous healing, a 90° m otility  am plitude 
in the  ten th  week. In  18 m onths the  rad ia l and m edian innervation had 
become regulated  also peripherally.
The hand and  left elbow jo in t of S. T., a 32-year-old technician, was slashed 
to  pieces by th e  scoop-wheel of a transporte r. The left elbow was practically  
to rn  in two, the  victim  suffered an  olecranon fracture, a luxatio  divergens 
and  fractu re  of the  forearm . His arm  was so tig h tly  wedged in th a t  it  had 
to  be liberated  by  m eans of a welder, and  lie even suffered th ird  degree 
burns on his hand. Bone reconstruction, su tu re of nerves, muscles and 
tendons, derm atop lasty  (skin-grafting), th e  healing of the  bone and  soft 
p a r ts  ensued undisturbed  in the  ex trem ity  w ithout any ex ternal fixation, 
the  elbow regaining a 70° m otility  in th ree m onths (Figs 7 and 8).
The g reater destruction  and  bone defects can be caused by  osteom yelitis. 
One of the  pa tien ts who underw ent 12 operations and was trea ted  function­
ally w ithout the  slightest fixation, is described.
N. Zs., a 9-year-old girl patien t, suffered from  sepsis, extensive destruc­
tion in th e  righ t tib ia , contracture in the  knee and  the  ankle. F irs t th e  duct 
abscesses were exposed, th en  drained. A soaking dressing was applied daily, 
and subw ater gvm astics were perform ed. W ith in  a week the  p a tien t was 
able to  s tan d  up w ith th e  help of crutches.
U nder the  influence of th e  functional stim ulus, the bone process, ap a rt 
from  propagating destruction, develops a protecting callus shea th  every­
where which gradually  takes over the  sta tic  role of th e  diseased bony part. 
Complete functional healing ensues. P aren ts  are averse to  having the  thin 
sequester removed.
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Fig. 11. C ontro l (B. J., 10.5. 1962). N orm al a r t ic u la r  gap ; th e  rep lan ted  h um erus 
head  show s in  a n te ro p o ste rio r d irec tio n  an  e llip tic  configu ra tion  (a) an d  in  ax illa r 
d irec tion  a  n o rm al b u t u n eq u a lly  shadow ed p ic tu re  (b). The im p lan ted  rib  h as been 
in co rp o ra ted . N o signs o f arth ro sis . F unction ; 3/4 o f th e  no rm al
The luxated  fraction of the hum erus head is obviously associated with 
considerable in ju ry  of the  large soft parts. The closed repositional procedure 
is often  unsuccessful.
Sz. E ., a 50-year-old man, suffered a right-sided luxative fractu re  of the  
hum erus head and  an olecranon fractu re  on the  same side sim ultaneously. 
The olecranon fractu re  was un ited  by  a  U-wire suture, the  exposure was 
accom plished by m eans of Cubbins penetration , the  head was lifted  ou t of 
the  axilla and fixed to  th e  end of the  hum erus stem  w ith tw o Kürschner 
wires bent to  the  shape of a shepherd’s crook, th e  tubercles were fitted  into 
th e ir places and kep t th ere  by tw o situated  stitches. A week la ter 
the  p a tien t received a D esault dressing (we om it th is nowadays), then  
functional th erap y  was applied. The healing result was good, th e  p a tien t has 
resum ed his original occupation as a mechanic.
B. J .,  a  36-year-old chief m echanic (Figs 9 to  11), fell in to  th e  H ortobágy 
canal w ith his m otor-cycle and  suffered a left-la teral in trathoracic  disloca­
tion. The frac tu red  hum erus head which had slipped in to  the  diaphragm  of 
the  heart-angle was rem oved bv thoracotom y, a fte r which a  draining osteo­
synthesis was perform ed between the  re-im planted head and the  hum erus
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stem  w ith a rib segm ent. The p a tien t wore an  abductional p laster splint 
for ten  weeks, perform ing meanwhile th e  prescribed gym nastics. The re ­
im plan ted  head, though som ewhat deformed, was incorporated, its a rticu lar 
surfaces are in tac t, and  the  function is alm ost perfect.
S U M M A R Y
The reciprocal connection of form and function dem ands in tegrity , 
continu ity  and  adequateness of th e  functional stim ulus in order to  m aintain  
a  s ta te  of equilibrium , in o ther words, a s ta te  of health.
In  case of in jury , a change of form  is p rim ary, the  functio  leasa is 
only its result. N ot only does the  order of the  reparation  follow from the 
foregoing, b u t also the  justification of the  form al reconstruction, as well as 
th e  dem and for an  adequate and continuous functional stim ulus on the  p a rt 
of the  in ju red  organ.
In  functional therapy , th e  adequate functional stim ulus is m ethodically 
em ployed for th e  purpose of directing the  regenerating process.
The prom inent significance and prim ary  role of function as a therapeu tic  
trea tm e n t superior to  all others follows as a reasonable deduction of the  
foregoing.
The cause and  effect relations of the  above concept are quite evident 
and  can readily  be followed in the  clinical exam ples reported  as regards the  
healing of operated  and  functionally  and  continuously trea ted  bone 
fractures.
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E X P E R IM E N T A L  DATA ON BONE IN D U C TIO N  
AND BONE A N TIG EN IC ITY
by
K. O s t r o w s k i, T. R y m a s z e w s k a , S. M o s k a l e w s k i,
K . W l o d a r s k i and  M. Z a l e s k i
INSTITUTE OF HISTOLOGY AND EMBRYOLOGY, ACADEMY OF MEDICINE 
WARSAW, POLAND
T h is  com m unication deals w ith tw o different problem s which are being 
stud ied  a t present in  the  D epartm ent of H istology and  Em bryology, Acade­
m y of Medicine in W arsaw. These tw o problem s will be discussed separately, 
though  th ey  have common points, such as general problem s of tissue 
tran sp lan ta tio n  and  tissue incom patib ility  connected w ith  it.
O ST E O G E N E S IS  IN D U C E D  B Y  T H E  B IO LO G ICA L IN D U C T O R  
O F  T H E  U R T N A R Y  T R A C T  MUCOSA
Osteogenesis induced by  the u rinary  bladder mucosa was described for 
the  first tim e in  detail by Huggins in 1931. This phenom enon is particu larly  
in teresting theoretically  because it  is a m anifestation of experim ental 
m etaplasia probably  based on a chemical m echanism of the  same ty p e  as 
th a t  observed in  embryogenesis. On th e  o ther hand, in plastic and  recon­
structive surgery th is phenom enon seems to  indicate th e  possibility of 
obtaining a biological inducto r of osteogenesis which m ight be em ployed in 
cases of delayed healing of fractures and pseudoarthroses. W ith th is aim 
in view m any workers (Gopher 1938, E skelund and Plum 1950) carried out 
experim ental work, and  tried  to  apply  th is m ethod in hum an beings 
(W ysockaja 1952).
The classic experim ent consists of g rafting a fragm ent of autogenous 
u rinary  bladder m ucosa onto a fascial surface. As a result, the  epithelium  
covering the  surface of tran sp lan ted  fragm ent proliferates spreading over 
the  connective tissue of th e  host and  lining th e  cleft between g ra ft and  its 
bed. In th is way a cyst is form ed com pletely lined w ith epithelium  (Zaleski 
1960). Foci and  bone tissue appear in the  recipient p a r t of th e  cyst wall. 
This experim ent also succeeds when allogenic grafts are used, b u t only if  the  
tim e necessary for bone tissue induction is shorter th an  th e  period required  
for g ra ft rejection, because of tissue incom patibility . This refers to  guinea- 
pigs, cats and  Syrian ham sters.
All a ttem p ts  of bone induction failed by xenogenic grafts (Zaleski e t al. 
1963). Various papers repo rt the  phenom enon of induction of osteogenesis 
in  various animals, such as the  ca t (Johnson and McMinn 1955, 1956), 
th e  ra t  (Blumel and P iza 1958), the  guinea-pig (Friedenstein 1956), Syrian
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ham ster (Zaleski 1961), the mouse (Zaleski and Moskalewski 1963) and also 
in m an (W elcker 1950).
In  spite of num erous investigations undertaken  to  elucidate th e  m echa­
nism  of bone induction, m any points rem ain  obscure and  opinions are con tro ­
versial. Table I  presents the  problem s investigated  in our departm ent.
Tabue I
Subject of investigation Method
Bone induction in various animal species Urinary bladder grafts
Dependence of bone induction on age of donor 
and host
Urinary bladder grafts from foetus to adult 
and from adult to new-born
Some histochemical traits of transitional 
epithelium
PAS reaction
Alkaline phosphatase reaction
Bone induction by isolated and cultured 
in  vitro epithelial cells
Grafts of cell cultures and cell suspensions
Bone induction without direct contact of 
grafted epithelium and host connective 
tissue
Morphology and development of induced bone
Grafting of epithelium in diffusion chambers 
Experiments with surgical ‘small urinary 
bladder’
Roentgenography 
Intravital staining 
Labelling with isotopes
All autogenous grafts of vesical m ucosa in dogs induced bone form ation 
in th e ir vicinity. However, allogenic tran sp lan ts  in  these anim als perished 
owing to  tissue incom patib ility  destroying the  g ra ft w ithou t producing 
osteogenesis (Ostrowski e t al. 1957).
In  guinea-pigs osteogenesis in  th e  neighbourhood of abou t 70 to  80% 
of allogenic grafts has been dem onstrated  on the  ten th  day  a fte r g rafting 
(Fig. I).
Osteogenesis was also observed around allogenic tran sp lan ts  in ham sters, 
b u t it  occurred m uch la te r and in  a sm aller percentage of cases th an  in 
guinea-pigs (Zaleski 1961).
The bone tissue around autogenous g rafts was dem onstrated  very  rarely  
in mice (Zaleski and  Moskalewski 1963).
W hen vesical epithelium  from  30-day-old guinea-pig foetus was used as 
m aterial for transp lan ts, a  cyst lined w ith epithelium  as well as bone tissue 
w ithin its  walls form ed ju s t as frequentely  as in  grafting  u rinary  bladder 
epithelium  from  m atu re  individuals (Zaleski 1962a). I t  was also d em o n stra t­
ed th a t  in 2 to  4-day-old guinea-pigs, bone tissue can be induced by  allogenic 
grafts of u rin ary  b ladder epithelium .
The occurrence and distribution of PAS-positive substances and alkaline 
phosphatase were studied in the transitional epithelium of guinea-pig and
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F ig. 1. B one tissue  in  a  10-day 
g ra f t  o f allogenic u r in a ry  b la d ­
d e r o f guinea-p ig . PA S re a c ­
tio n ; H aem a to x y lin
m an, b o th  in  m atu re  ind i­
viduals and  foetuses as well 
as in  transitional epithelium  
of Syrian  ham sters (Zaleski 
1961, Zaleski e t al. 1963). 
The histochem istry of t r a n ­
sitional epithelium  was also 
studied in tissue cultures 
(Moskalewski I960).
Alkaline phosphatase was 
found in th e  basal layers of 
transitional epithelium  in 
ham sters and  guinea-pigs, 
whereas in hum an beings 
th is  enzyme was presen t only 
in foetuses aged 12 to  14 
weeks. In  th is  case it  was 
exclusively in  th e  superfici­
al cell layers. A lkaline phos­
phatase was also presen t in 
some guinea-pig cells cu lt­
ured in  vitro .  I t  could no t 
be detected  in the ep ithe­
lium of guinea-pig foetuses 
and  in adu lt hum an beings 
and  in foetuses afte r th e  16th 
week of gestation.
Glycogen was m ainly found 
in the  middle and superficial 
layers of transitional ep i­
thelium  in ham sters and  gu ­
inea-pigs. Considerable qu an ­
tities of glycogen occurred 
in all layers of foetal ep ithe­
lium  both  in  guinea-pigs and 
in hum an beings. In  adu lt 
hum ans no glycogen was 
found, perhaps because the 
m aterial was tak en  from  
individuals a t  operation who 
have fasted  for some 12 hours 
or so.
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Fragment culture
F ig . 3. Schem e o f ex p erim en ts  w ith  iso la ted  an d /o r cu ltu red  
in  vitro  tra n s it io n a l ep ith e liu m  o f  gu inea-p ig
F ig . 4. Schem e o f  ex p erim en ts  in  w hich tra n s itio n a l ep ith e liu m  was 
sep a ra ted  from  d ire c t c o n ta c t w ith  connective  tissue.
L e ft: E x p erim en ts  w ith  d iffusion cham bers; R ig h t: a rtif ic ia l ‘sm all 
u r in a ry  b la d d e r’.
Mucoid is found in  th e  surface layers of th e  epithelium  of guinea-pig, 
ham ster and hum an beings. In  hum an foetuses it  appeared only in  la te r 
stage of foetal life. The sam e substances (glycogen and  mucoid) were dem on­
s tra ted  in cu ltured  epithelium . F igure 2 presents the  results ob tained  from 
histochem ical investigations.
To establish inductive po tency of transitional epithelium  cells under 
various conditions, th ree experim ents were carried o u t as seen in  Fig. 3 
(Ostrowski and Moskalewski 1959, Ostrowski et al. 1961, Moskalewski 1963).
The epithelium  w ith  a fragm ent of vesical m ucosa of guinea-pig was 
cu ltu red  by  th e  double-slide m ethod of Maximow for 3, 5, 8 and  14 days. 
T ransp lan ts were th en  tak en  from these cultures. Induction  of osteogenesis 
was observed even 14 days a fte r culturing.
In  th e  second experim ent transitional epithelium  cells separated  from 
o ther tissues o f u rinary  bladder by try p sin  were cultured. Ten-day-old
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cultures were tran sp lan ted  in to  connective tissue of allogenic recipients and  
osteogenesis was achieved. A fter g rafting  cultured  epithelium  underw ent a 
secondary differentiation, a lthough it  sometimes exhibited g reater vacuoli­
zation th a n  epithelium  tran sp lan ted  directly  w ithout cu ltivation  in  vitro. 
The transitional epithelium  cells isolated by  trypsin  were in jected  in tram u s­
cularly. A fter injection epithelium  cells form ed com pact islands, around 
which regular bone form ation was observed. P robably on account o f a 
sm all d iam eter of th e  fragm ent injected, cysts were found only occasionally. 
The in jected  suspension m ay have contained a certain  num ber o f connective- 
tissue cells. Nevertheless, the  p robability  of contact and  in teraction  between 
them  and  epithelial cells a fte r injection to  recipient is too  sm all to  p lay  an 
essential role in  the  induction process.
According to  some authors (Friedenstein 1960) the  bone induction  is 
m ediated  by some chemical com pounds secreted by  epithelial cells. To 
check th is, a ttem p ts  of induction avoiding direct contact of g rafted  ep i­
thelium  and  host connective tissue have been m ade (Ostrowski e t al. 1961; 
Fig. 4). F ragm ents of vesical m ucosa were placed in  Algire cham bers coated 
w ith a filter 150 [i th ick  w ith pore d iam eter sufficiently sm all to  re ta in  cells 
inside th e  cham ber. In  the  connective tissue surrounding of th e  cham bers no 
induction of osteogenesis could be obtained, although the  epithelium  in th e  
cham ber survived. In  sim ilar experim ent Friedenstein (1962) ob tained  bone 
form ation around the  diffusion chambers. In  ano ther experim ent w ith  
female dogs, a ‘small b ladder’ was formed, operatively isolated from  th e  
o ther p a rts  of the  u rinary  trac t. The excretions from  th is artific ial small 
b ladder flowed in to  the  connective tissue th rough a tu b e  form ed from  p a r t  
of th e  horn of uterus. The neighbourhood of th e  ou tlet of the tube revealed 
no bone form ation.
According to  histological, histochem ical and  radiological observations and 
by  m arking the  form ing bone tissue w ith  tetracycline, alizarin red  S, 
32P-phosphate, 35S-sulphate and  3H-glycine, its has been established th a t  up  
to  abou t th e  30th day  a fte r g rafting  of allogenic u rinary  b ladder tissue the  
induced bone exhibits typical features of young woven bone. The subsequent 
period showed a p icture of intensive bone-tissue resorption which was 
m anifested by  the  presence of num erous osteoclasts and  by  reduced 
radio-opacity.
In  the  final stage, abou t 3 to  4 m onths a fte r transitional epithelium  
grafting, the  form ation of lam ellar bone tissue was revealed showing signs 
of both , resorption and  of deposition of new bone substance. Evidence of 
th e  la tte r  is given by  autoradiographs showing 3H-glycine incorporation 
(Fig. 5). A t th is tim e transitional epithelium  was no longer presen t (Zaleski 
1962a). Moreover, a t  this tim e typ ical bone m arrow  was found in th e  v icin ity  
of bone tissue (Fig. 6). Cytological analysis did  no t reveal any  differences 
between induced and  norm al bone m arrow  (Czerski and  Zaleski 1962, 
Ostrowski e t al. 1962).
Table I I  contains th e  chief features of induced bone during its  develop­
m ent.
When comparing th e  m ineral m etabolism  of the  induced bone, th a t  of 
callus, com pact bone and dentine, the  firs t was found to  have a  30 tim es
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* 1 ^ F ig . 5. A u to rad io g rap h  o f  in ­
duced  bone tissue  70 d ay s  a f te r  
b lad d e r tissue  g ra f tin g . N o te  
silver g ra in s due to  in co rp o ra ted  
3H -glycine a long  th e  m arg in  of 
bone tissue
higher incorporation ra te  as 
regards 32P-phosphate (Ost­
rowski and W ilczynski 1957).
The results of th e  experi­
m ents perform ed lead to  the 
following conclusions.
1. The phenom enon of 
osteogenesis induction ap 
pears to  be associated w ith 
th e  function of living ep ith ­
elium irrespective of w he th ­
er it originates from  an 
ad u lt individual or a foetus 
and  w hether it is cu ltured  in  vitro or isolated by trypsin . Cyst form ation 
is n o t absolutely necessary for bone induction.
2. No relationship could be established betw een the  bone inducing 
p roperty  of transitiona l epithelium  and  some of th e  investigated  histo 
chemical substances contained in th e  epithelial cells.
3. The phenom enon of 
bone induction by  au togen­
ous grafts of transitional ep i­
thelium  has been observed in 
m any  anim al species. I t  m ay 
also be revealed in  allogenic 
grafts inthose species where 
destruction  of grafted  epi­
thelium , depending on tissue 
incom patib ility , does no t 
tak e  place too early.
4. Bone-tissue form ation 
could no t be induced if the  
transitional epithelium  was 
n o t in d irect contact w ith 
the  connective tissue of the  
recipient.
F ig . 0. S m ear o f  induced  bone 
m arrow . I t s  n o rm al appearance  
d raw s a tte n tio n . M ay — G run- 
w a ld —G iem sa
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T a b l e  XL
Days after grafting
5 - 8 1 0 -2 5 3 0 -5 0 7 0 -1 0 0
Tissue Connective Woven bone Resorbed wov­
en bone
Lamellar bone
PAS reaction Negative All bone 
matrix 4'
All bone ma­
trix 4-
Rare positive 
areas
Alizarin red S ! Negative All bone stained White super­
ficial layer 
on stained 
bone
Rare stained 
areas
Tetracycline Negative Peripheral trabe­
culae strong-
i y  4-
— Superficial layer 
strongly 4"
35S- Sulphate Diffusely
distributed
grains
Numerous grains 
over peripheral 
trabeculae
Numerous grains 
over bone 
connective- 
tissue border
3H-Glycine Linearly distribut­
ed grains over 
trabeculae
Linearly distrib­
uted grains 
over marginal 
and perivascu­
lar layers of 
bone
5. Three m ain phases m ay be distinguished in th e  developm ent of induced 
bone tissue: (a) connective tissue form ation, (b) induction conditioned by 
th e  transitional epithelium  and  (c) autoinduction. The last probably  depends 
on the  osteogenic action of substances form ed in the  course of bone-tissue 
resorption.
6. Bone tissue in  th e  au to induction  phase shows v ita lity  and m etabolic 
ac tiv ity , in spite of the  absence of transitional epithelium .
7. In  th e  last phase induced bone is accom panied by  active haem opoietic 
tissue which does no t differ from  the  norm al bone m arrow  of th e  host 
cytologically.
R E G IO N A L  L Y M PH  N O D E  R E A C T IO N  F O R  T H E  A SSESSM E N T  
O F B O N E  T IS S U E  A N T IG E N IC IT Y
Certain characteristic m orphological and  cytological changes occurring 
in  th e  regional lym ph node under th e  influence of tissue g ra ft were described 
fo r th e  firs t tim e by  Gallone et al. in 1952. They found th a t  such lym ph
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node loses its  typ ical nodnlar structu re , and  then  m orphologically im m ature 
cells appear in greater num ber th an  norm ally. These cells will be term ed 
blastic cells.
Several au thors supported  and  developed these observations (Egdahl et 
al. 1958, Scothorne and McGregor 1955). R ecently , a ttem p ts  were m ade 
to  elaborate an  objective and qu an tita tiv e  m ethod for the  assessm ent of 
cytological changes (Andre e t al. 1962, Burwell and Gowland 1960). U n fo rtu ­
nately , none of these m ethods is very  precise and, therefore, our aim  was 
to  elaborate a  simple and  standard ized  m ethod to  assess the  changes in 
percentage of blastic cells under various experim ental conditions.
R abbits were used in all experim ents. Small fragm ents of allogenic or 
xenogenic cancellous or com pact bone tissue were grafted  in the  vicinity  
of auricu lar lym ph node. A fter a given tim e this node was rem oved and a 
cell suspension was prepared. In  the  sm ears from  these suspensions the  
percentage of blastic cells and  plasm acytes was estim ated  using the  W oolf 
m ethod (1950) for cell counting.
It was established th a t  under the  influence of allogenic and xenogenic 
tissue g ra ft there  is s tatistica lly  significant rise of blastic cell percentage 
(Zaleski et al. 1964; Fig. 7). The percentage of plasm acytes does no t differ 
from th e  norm al value. Additionally, i t  was found th a t  in tensity  of blastic 
reaction evoked by allogenic and  xenogenic grafts is the  same, b u t the  
du ra tion  varies greatly. The percentage of blastic cells in the  lym ph node 
draining th e  allogenic g ra ft area falls to  the  norm al level a fte r tw o weeks, 
while in xenogenic g ra ft i t  drops afte r th ree m onths. This m ethod of assess­
m ent o f blastic reaction is simple and  gives average results w ith relatively 
sm aller s tan d ard  deviations th an  th e  m ethods used by other authors.
B lastic cells have typ ical m orphological features, i.e. strongly basophilic 
cytoplasm , large pale nucleus w ith very  delicate chrom atin  stru c tu re  and 
1 to  3 d istinct nucleoli (Fig. 8). Am ong them  th ree types of cells can be 
distinguished. T hey correspond to  lym phoblast, p lasm ablast and  large 
lym phoid cells. A ttem pts of objective d ifferentiation of these cell types 
failed because histochem ically th ey  do n o t differ. Therefore, th ey  were 
classified in a common group of blastic cells (Rym aszewska e t al. 1963).
A practical application of this m ethod was carried ou t using banked  bone 
tissue. As suggested, some procedures used for preservation of tissues lead 
to  decreased antigenicity  of preserved tissue. On the  basis of blastic reac­
tion evoked by  fresh and  preserved xenogenic bone tissue, i t  is jiossible 
to  s ta te  th a t  there  is no change in th e  percentage of blastic cells appearing 
a fte r these tw o types of g rafts (Zaleski e t al.1964). F u rth er experim ents 
are needed to  determ ine w hether changes in the  antigenicity  o f tissue ever 
occur a fte r conservation procedure.
R ecently  it  was established (Zaleski e t al.) th a t  th e  m ethod is applicable 
for th e  assessm ent of cytological reaction of lym ph node draining the  
injection site of soluble antigen HSA. In  this case, a fte r an increase of 
blastic cells there  is a  rise of plasm acyte percentage. I t  indicates the  
pathw ay  of differentiation of blastic cells to  plasm acytes. On th e  o ther hand, 
im m unofluorescent studies by  Coon’s m ethod revealed the  presence of cells 
containing specific antibodies, anti-H SA . The blastic reaction evoked by
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F ig . 7. T yp ical b la s tic  cell. 
L arge  cell w ith  d elica te  s tru c ­
tu re  o f  nucleus a n d  w ide b a so ­
philic  r in g  o f cy to p lasm . M ay 
— G runw ald  — G iem sa
HSA is influenced by the 
dose of antigen and  is sm all­
er a fte r an  extrem ely large 
dose. F u rth e r studies have 
shown th a t  in  specifically 
to le ran t anim als there is only 
a trace  of blastic reaction 
w ithout any  changes in plas- 
m acyte percentage (Fig. 9). 
A t the  sam e tim e, in th is 
case we found no cells con­
tain ing  specific antibodies.
P urely  morphological ob­
servations do no t allow an
estim ation of the  role of
blastic reaction and  blastic cell itself in the  process of g ra ft rejection. 
F o r th is reason, autoradiographic studies using tr itia ted  glycine were 
perform ed to  observe th e  in tensity  of protein synthesis by  lvm ph-node 
cells (Zaleski e t al. 1965).
I t  was established th a t  there is no difference in the  protein  synthesis by 
single cell in  norm al or g ra ft stim ulated  lym ph nodes. However, because 
of a  rise in the  percentage of blastic cells a fte r grafting, to ta l protein 
synthesis seems to  be g reater in th e  stim ulated  nodes (Fig. 10).
E hrich  and H arris (1942) found th a t  a fte r local in troduction  of bacterial 
or p ro tein  antigens there  is an increase in th e  num ber of cells leaving the  
regional lym ph node w ith  lym ph. A t the 
sam e tim e, specific antibodies w ith increas­
ing titre  appear in th e  lym ph.
I t  appeared w orth while to  s tu d y  w hether 
any  changes in th e  m orphology and protein 
con ten t of lym ph occur a fte r tissue g raft.
Such investigations would give us new possi­
bilities for the  s tudy  of tw o im p o rtan t p o in ts :
(a) th e  fate of immunologically com petent 
cells appearing in the  regional lym ph node, 
and  (b) the  role and  presence of hum oral
%
6 -
5 -
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F ig . 8. P e rcen tag e  changes o f  b la s tic  cells in n o r ­
m a l ly m p h  node (a) an d  in  ly m p h  node a f te r  a llo ­
genic (b) a n d  xenogenic  (c) g ra f ts . The s tr ia te d  
co lum ns re p re se n t average  values an d  th e  w hite  
co lum ns rep re sen t s ta n d a rd  d ev ia tio n s
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F ig . 9. C hanges o f  th e  p ercen tag e  o f  bias-
tie  cells (— ---------- ) an d  p lasm acy tes
( ----------------------- ) in  lym ph  nodes d ra in ­
ing  th e  in jec tio n  s ite  o f H SA  in no rm al 
(X) an d  to le ra n t ( • ) ra b b its
antibodies in  th e  tissue g ra ft re jec­
tion. W ith  th is end in view, an 
a ttem p t was m ade to  dra in  the 
lym phatic efferent vessel of node 
draining the  tissue g ra ft area. On 
studying th e  lym ph leaving the  regio­
nal lym ph node stim ulated  p rev i­
ously bo th  by allogenic (W lodarski e t 
al. 1964) and xenogenic g rafts (Ryma- 
szewska et al. 1965), i t  was established th a t  there  is an  increase in  th e  
num ber of cells flowing ou t from  regional lym ph node and, sim ultaneously, 
th e  percentage of blastic cells in the lym ph rises 3 to  4 tim es. A t th e  same 
tim e, th e  to ta l protein conten t and electrophoretic fractions in th e  drained 
lym ph do n o t change. Moreover, th is lym ph does no t exert any  cytotoxic 
effect on the  ta rg e t cells of the  g ra ft donor. These results seem to  support 
the  hypothesis of the  cellular character of tissue incom patibility . I t  is im ­
possible to  say w hether a single g ra ft is able to  cause an tibody  form ation 
detectable by  th e  m ethods employed.
To check th is problem  experim ents w ith  blastic reaction evoked by two 
succesive grafts were perform ed (Rym aszewska e t al., Zaleski e t al.). The 
fluctua tion  of reac tiv ity  of regional lym ph node was established by  using
tw o successive allogenic 
grafts. Depending on the 
tim e in terva l between the
Number of labelled 
cells per 1000cells 
74- 
73- 
72- 
77- 
70 
9
7-
6 -
5-
4-
3-
2
7
I I Normal lymph nodes 
I I Lymph nodes after homologous groß 
Lymph nodes after heterologous groß
1  Ű oil □
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tw o grafts, different re ­
sponse of regional lym ph 
node was observed (Fig. 
11 ) .
In  the th ird  and  tw elfth  
week a fte r the  firs t graft, 
th e  second set g ra ft gives 
an  increase of blastic cell 
and  plasm acyte percent-
F ig . 10. A bsolu te  n u m b er 
o f labelled b la s tic  cells d iv id ­
ed  in to  4 groups d epend ing  
on labelling  in ten s ity . E ach  
co lum n re p re se n ts  th e  a v e r ­
age value o b ta in ed  from  5 
re su lts  m ark ed  as  b lack  d o ts  
beside th e  re le v a n t colum ns
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Fig. 11. P e rcen tag e  o f blast io 
cells (s tr ia te d  colum ns) and  
p lasm acy tes  (b lack colum ns) 
in th e  reg ional lym ph  nodes 
5 d ay s a f te r  th e  first an d  se ­
cond se t g ra f ts . W h ite  co l­
um ns rep resen t s ta n d a rd  
d ev ia tio n s . T he con tinuous 
a n d  d o tte d  lines ind ica te  th e  
u p p er lim its  o f  n o rm al values 
o f  b las tic  and  p lasm a cells, 
respect ively
age, while in the  six th  
week th e  second set g ra ft 
does no t evoke any  
changes in th e  cytology of 
lym ph node. The m echan­
ism of these changes is 
obscure and  fu rth e r ex-
7 r %
6
5 -
3rd week 6th week 6th week* 12th week
perim ents are necessary 
to  classify it.
I t  is known th a t ‘a reac tiv ity ’ observed in the  six th  week is species- 
specific, i.e. allogenic g rafts  from  the  same or different donors do no t 
evoke any  reaction, b u t a t  the  sam e tim e xenogenic g ra ft does. Moreover, 
th is a reac tiv ity  concerns only th e  previously stim u lated  lym ph node, 
while ano ther node of th e  same recipient gives typ ical reaction. I t  is possible 
th a t  species-specificity of secondary reaction depends on common antigenic 
determ inan ts present in  a  given popu lation  of anim als b u t cross-reaction 
w ith  un re la ted  antigens cannot be excluded.
Considering th e  m echanism o f secondary reaction, it was found th a t  the  
percentage of blastic cells
in creasesmuch earlier than 
during reaction evoked 
by  the  firs t set g raft. 
Moreover, decrease in their 
percentage is accompanied 
by  a rise in plasm acyte 
percentage (Fig. 12). I t  
indicates th a t  there is
F ig. 12. C hanges o f  b las tic  
(s tria ted  columns) an d  plasm a 
cells (b lack colum ns) p e rc e n t­
age on th e  2nd an d  5 th  d ay  
a f te r  th e  f irs t  an d  second set- 
xenogenic g ra fts . W h ite  co l­
um ns rep re sen t s tan d a rd  
d ev ia tions 2nd day 5th day
a
Second se t  
2nd day 5 th day
2 3 7
F ig. 13. P ercen tag e  o f  b la s tic  cells 
(s tria ted  colum ns) an d  m itoses (do tted  
colum ns) in  th e  reg ional ly m p h  nodes 
(R) d ra in in g  th e  sk in  g ra f t across H 2 
b a rr ie r  (1) an d  across H3 b a rr ie r  (2). 
The p e rcen tage  o f  b la s tic  cells and  
m itoses in th e  respec tive  c o n tra la te ra l 
ly m p h  nodes (C) is also g iven. W h ite  
colum ns rep re sen t s ta n d a rd  dev ia tio n s
differentiation of blastic cells into 
plasm acytes which was no t observ­
ed during reaction evoked by 
th e  first se t g raft.
Increase of th e  percentage of 
R C R C plasm acytes suggests increased
y-globulin production and, th ere­
fore, th e  presence of hum oral 
antibodies. This leads to  studies by electrophoresis and  im m unodiffusion as 
well as b y  a cytotoxic te s t of th e  lym ph leaving th e  lym ph node draining 
th e  area  of the  second set g raft. These studies are in progress.
F inally , th e  blastic reaction in th e  regional lym ph nodes draining the  
skin g rafts in mice was investigated  (Zaleski and  W iklicky). In  com parison 
w ith rabb its, th is blastic reaction in  mice develops la te r and was observed 
on th e  11th day  a fte r grafting. I t  is no tew orthy  th a t  the  average survival 
tim e of skin g ra ft in bo th  experim ental anim als is approxim ately  ten  days. 
As seen, there is no relationship between survival tim e of g ra ft and  blastic 
reaction, and  it  is wortwhile to  s tu d y  th e  correlation between these two 
phenom ena.
I t  was also ascertained th a t  the  in tensity  of blastic reaction a t the  given 
tim e a fte r g rafting  is dependent on the  antigenic differences betw een donor 
and recipient. E leven days a fte r skin grafting across H 2 barrier there is 
higher reaction th a n  a t  th e  same tim e following skin grafting across H3 
b arrier (Fig. 13). A very  interesting, b u t a t th e  sam e tim e obscure, re la ­
tionship  between blastic reaction in the  regional lym ph node and  cytolog- 
ical changes in th e  thym us were observed. A fter skin grafting in  mice 
there is a decrease of blastic cells in the  thym us. The greater th e  genetic 
d isparity  betw een donor and recipient, th e  sm aller th e  decrease of blastic 
cells in the  thym us. Only a very  speculative explanation for th is fact can 
be offered a t  present.
To sum m arize th e  results ob tained  the  following can be stated .
1. B oth  tissue antigens and  soluble HSA, evoke an increase of percentage 
of cells, term ed  blastic, in  the  regional lym ph node.
2. These blastic cells have some typ ical properties: th ey  divide, th ey  
differentiate into plasm acytes and th ey  synthesize protein. The d ifferentia­
tion  takes place during th e  first im m unization w ith soluble antigen and 
during the  second set g raft.
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3. B lastic reaction in th e  lym ph node is accom panied by an increase o f 
the  to ta l num ber of cells leaving th is node. A t th e  sam e tim e there  are no 
changes in th e  to ta l p rotein  con ten t and  th e ir electrophoretic fractions 
in the  lym ph.
4. The second set g raft, depending on th e  tim e in terval between tw o 
successive grafts, evokes th e  reaction w ith a  rap id  and high rise of blastic 
cell percentage followed by  an increase of plasm acytes. This secondary 
reaction is relatively  unspecific and  appears under th e  influence of tw o 
ra th e r unre la ted  antigenic stim uli.
5. Cells appearing under the  influence of soluble antigen contain specific 
antibodies which are absent in  the  lym ph node of to leran t anim als. In  these 
anim als the  blastic reaction is alm ost negligible.
6. So far there are no d a ta  concerning th e  relationship betw een the  
survival tim e of th e  g ra ft and the  blastic reaction evoked by th is g raft.
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HONE REGENERATION UNDER THE INFLUENCE OF 
EGG-SHELL GYPSUM AND METACRYLATES
by
G. H. S c h u m a c h er  and H. G. W is c h h u s e n
DEPARTMENT OP ANATOMY, UNIVERSITY MEDICAL SCHOOL, ROSTOCK. (IDR
Th e  u se  of autoplastic:', hom oplastic and  heteroplastic bone m ateria l in 
surgery goes back to  the  firs t half of the  19th century  (Heine e t al. 1964). 
A fter th e  recent discovery of m aterials no t hostile to  tissue, alloplastics 
came more to  the  foreground in  experim ents and  in clinical use, especially 
in orthopaedics.
I t  is ind ispu tab ly  due to  K rom pecher’s basic investigations on the  
biological use of egg-shells (1958) th a t  a new im pulse has been given to  
fu rth e r experim ents w ith alloplastic m aterials. The im portance of th e  egg­
shell application for callus production is evident from  the  investigations 
of Lelkes and  Mészáros (1957). These au thors were able to  establish th a t  
experim ental anim als which have been fed w ith  egg-shells showed a quicker 
and  b e tte r healing of fractures of bones in  com parison w ith control anim als. 
On th e  basis of th is s ta tem en t, Tarsoly (1963), Tarsoly and Tom ory (1963) 
applied a m ix ture of tyndallized egg-shell powder and  sterilized gypsum  in 
sm aller and  larger drill defects of bones of dogs (tibia, femur). This reaction 
o f gypsum  on bones is known, e.g. from F riin d ’s investigations (1954). 
The histological investigations showed th a t  this m ix ture fastens bone regen­
eration in com parison w ith non-plom bed control borings. Bornem isza and 
Bakó (1958) obtained sim ilar effects by using polym ethylm etacrylate 
shavings. M etacrylates are known to  be to lera ted  well (protheses in stom atol- 
ogy, endoprotheses in surgery) due to  th e ir con tac t proliferation (Heinze 
1955, M atzen 1955, Seyfarth  1955). By following K rom pecher’s basic 
concepts and  suggestions, we com pared egg-shell gypsum  and plast plombs, 
the  results of which are reported  in detail.
MATERIAL AND METHOD
The experim ental anim als were 10 full-grown rabb its of both  sexes, 
aged 6 to  9 m onths and  weighing 3000 to  4000 g.
Operative technique. In travenous narcosis in the  ear vein w ith a 2% 
hexobarb italnatrium  solution (0-15 g/kg). Skin cu t above the  m edial tib ia  
area, p reparation  of th e  tib ia ; periosteum  removed. On either side th ree 
drilled holes were m ade a t  distances of 1 cm from  the  proxim al to  the 
d istal direction, having a d iam eter of 3-5, 3-0 and  2-5 mm, through  the  
com pacta in to  the  m arrow cav ity  (Fig. 1). All th ree borings of the  left
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F ig. 1. A rran g em en t of 
d rillings on ra b b it  tib ia
tib ia  were plom bed; those of th e  righ t tib ia  
were left em pty  for control. Fillings:
1. in 5 anim als a m ix ture of tyndallized  egg­
shell pow der and  sterilized gypsum  were 
applied in a proportion of 1 : 1 and  w ith  a 
grain size of <  60 p. A paste  was prepared 
w ith norm al saline solution to  which 20,000 
U  of penicillin was added;
2. in 5 anim als th e  filling was m ade w ith 
splintered polym erisate-piacryl D F  (2), of 
a grain size of <  60 fi, previously sterilized 
in a w ater bath .
Since the  periosteum  was too th in  and  tender, 
th e  defects were covered w ith  fasciae of the 
m usculus tibialis an terio r and flexor digitorum  
pedis which were un ited  w ith ca tgu t above the  
defect. Skin su tu re was m ade w ith  silk. Healing 
took place in all cases per prim am  intentionem. 
The anim als were killed a fte r 2, 3, 4, 6 and 12 
weeks. H aving been fixed in 10% or 4%  form al­
dehyde, the  bones were decalcified in  5% n i­
tric  acid. P araffine em bedding, serial sections of 
12 to  15 fi, and azan stain ing was m ade accord­
ing to  H eidenhain.
The histological assessm ent refers to  14 sec­
tions of each group. In  our assessm ent chiefly 
the  spatial and  q u an tita tiv e  expansion of the 
callus and the  connective tissue ( Figs 2 to  5) 
were stud ied  according to  the  following points:
I. In n e r callus, i.e. expansion of the  endostal callus below th e  drill 
p o in t;
I I .  M arrow callus, i.e. filling of the  m arrow  area by th e  callus;
I I I .  Connective tissue proliferation in the  m arrow  area;
IV. E x te rn a l callus, i.e. expansion of the periostal callus above the  
drill jjoint;
V. Apposition callus, i.e. callus outside the  drill point;
VI. Connective tissue in  th e  drill canal;
V II. M arrow substance in  th e  drill canal;
V III. Osteoid tissue in the  drill canal;
IX . D ensity  of the  osteoid tissue in the  drill canal.
The prepara tion  was assessed as follows:
nought =  0 
up to  20% =  1 
up to  40% =  2
up to  60% =  3 
up to  80% =  4 
above 80% =  5
The density  of the  osteoid tissue is also given in th e  assessm ent of 0 to  5;
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Statistical evalua­
tion. F or each of the  
nine groups th e  a r ith ­
m etical m eans of th e  
14 assessed sections 
was calculated, and 
th e  corresponding 
group value of the  
control drillings was 
substracted  from  this. 
The resulting  values 
were tem porally  com ­
pared  in  th e  groups I  
to  IX  (egg-shell pow ­
der gypsum  m ix­
tu re  =  E , splin tered 
Polym erisate =  M).
B y a variance an a ­
lysis we established 
th a t  th e  values of a 
tib ia  found in the  
th ree  drill hole sizes 
showed no statistica l 
differences. F o r th is 
reason, we deliberate­
ly om itted  to  d if­
feren tiate as to  drill 
hole sizes by  calcu­
lating th e  a rith m e­
tical m eans of the  
values of th e  th ree 
drill hole sizes. The 
significant calculation 
of the  values found 
was m ade accord­
ing to  th e  T-test. In  
Figs 5 and  6 the  re ­
sults of egg-shell 
gypsum  (E) and  p last 
(M) were com pared 
for each group I  to  
IX . Then the  signifi­
cance of the  compa-
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F ig . 2. D iag ram s o f groups I  to V
rison values was cal­
culated  according to  
the  R ang te s t and  the  
T -test.
R E S U L T S
G roups 1 to  IX  
show the  values of 
th e  reactions w ith 
egg-shell gypsum  
plom bs (E), m eta- 
crylate plom bs (M) 
and  control drillings 
(K) which were ob­
ta in ed  from the  a r ith ­
m etical m ean of the  
original values of the 
th ree  drill hole sizes 
of one tib ia .
Group I ,  inner 
callus. H igh initial 
values in  th e  second 
week for (M),(E) and 
(K). T hen  follows a 
decrease up to  the  
fo u rth  week. In  the  
six th  week th e  value 
of (M) corresponds 
to  th a t  of (K), b u t 
(E) is considerably 
higher. In  th e  tw elfth
F ig . 3, D iagram s o f  g roups V I to  IX
F ig . 4. D iag ram  o f  g roup  X . I  =  in n e r callus; I I  =  m arrow  callus; IV  — ex te rn a l 
callus; E  =  egg-shell gypsum ; M =  m e tac ry la te ; K =  con tro l
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F ig . 5. G roups I  to  IX . C om parison o f  th e  re su lts  o f  egg-shell gypsum  (E) and  p la s t 
(M) w ith  th e  con tro ls (K) an d  th e  tendenc ies re su ltin g  from  th is
week th e  values of (E) and  (K) have g reatly  decreased (resorption); the  
values of (M) are considerably higher.
Group I I ,  marrow callus. The high in itial values decrease com pletely 
b y  decomposition of th e  m aterial, running parallel up to  th e  tw elfth  week.
Group I I I ,  connective tissue proliferation in  the marrow. H igh in itia l 
values for (M), (E) and  (K). W hilst (E) and  (K), running parallel to  th e  
decline, continually  decrease up  to  th e  tw elfth  week, the  connective tissue
17* 2 4 5
I ii III IV V VI VIT VIII IX
Time
Stopp­
ing 9 9 v 9 9 o 9 9 9
2 weeks e l-l() 1-03 0-33 -2 -3 2 1-60 1-95 - 0-36 7-59 —1-24M 0-14 —0-04+ 0-17 0 4 2 ++ - l - 0 4 ++ 0-46+ —0-06 —0-39++ - 0-30+
3 weeks E 0-9 1 0-41 0-59 - 0 - 0 4 0-26 1-33 -0-35 — 1-28 -1 -4 8M 6-70 0-05 -0 -5 2 + - 1 1 4 0-04 0-92 - l - 0 4 ++ 0-09++ - 0-30+
4 weeks E 1-23 0-26 1-38 -1 - 0 5 2-04 L-49 -0 - 7 6 -0 -6 9 - 1 6 4M 0-59 0 2 3 -0 -2 9 -0 - 3 3 1-78 1-54 -1 - 5 4 0-64+ 0-09++
6 weeks K 0-39 0-23 114 -0-55 2-88 - 0-43 0-12 0-07 0-01M 4-29 0-57 118 0-21 744+ 2-23++-0 -8 1 + —0-22++ -0 - 3 3
12 weeks E 0-28 0-00 0-36 0-26 -0 -6 2 0-00 —040 0-24 0-36M l-55++ ()•] 1 I 8 5 ++ 0-36 0-21 2-17++— I 2 8 ++- 0-65++- 0-26+
F ig . ti. G roups I  to  IX . C om parison o f  th e  re su lts  o f egg-shell gypsum  (E) w ith  p la s t 
(M). N um bers in  ita lics a re  s ign ifican t a n d  in d ica te  b y  -f- th e  m arg in  o f e rro r u p  
to  10%  an d  b y  + +  u p  to  5%
proliferation of (M) in  th e  m arrow  area proceeds alm ost constan tly  up  to  
th e  tw elfth  week.
G roup I V ,  external callus. E qual in itia l values in (M) and  (K) which, 
a f te r  a sm all divergence b y  falling off in  (M), reach their peak  between 
th e  th ird  and  six th  weeks and  decrease slightly  up to  the  tw elfth  week. 
The reactions of (E) are tem porally  la te r and  rem ain parallel below the  
values of (K) and  (M) up to  th e  end of the  tim e of observation.
Group V, apposition  callus. The values of (E) and  (M) differed d istinctly  
com pared w ith  th a t  of (K). (E) is highest in  the  beginning and (M) is lowest; 
in bo th  alm ost th e  sam e increase can be observed in  the  fourth  and  in the  
s ix th  weeks which is followed by  an alm ost parallel decrease up to  the  
tw elfth  week (resorption). The values of (K) are fairly  constant.
Group V I ,  connective tissue in  the d rill canal. H igh in itia l values for (E), 
(M) and  (K). A fter a decrease of (M) and  (K) up to  th e  fou rth  week, a rise 
of (M) follows to  th e  end of th e  observation tim e, and  a fu rth e r gradual 
decrease of (K) up  to  th e  tw elfth  week. The in itially  great rise of (E) is 
followed first by  a steep decrease up to  th e  tw elfth  week, parallel to  (K).
Group V I I ,  marrow substance in  the drill canal. Small in itia l values 
for (E), (M) and  (K). The g reater rise up  to  the  tw elfth  week is firs t observed 
in (K), th en  in (E), whereas practically  nothing can be observed in (M). 
The g reat constan t connective-tissue reaction by (K) prevents the  m arrow 
substance from  growing out.
Group V I I I ,  osteoid tissue in  the drill canal. Rising values in (M), (K) 
and  (E). In  the  tw elfth  week there is alm ost an equal height in all the  
values due to  resorption processes.
Group I X ,  density  of the osteoid tissue in  the drill canal. In  th e  m ain 
th e  graph  is to  be com pared w ith  colum n V III. D ensity  increases of all 
th ree  drillings a t th e  end of the  observation time.
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Figure 4 shows the  arithm etical m ean of th e  original values o f groups 
I, I I  and  IV, i.e. of th e  callus groups. A fter a general rise, particu la rly  o f 
(M), th e  la tte r  is horizontal up  to  th e  tw elfth  week. On the  contrary , (E) 
and  (K) are characterized by  a slight decrease.
F igure 6 shows a  com parison of th e  plom bed drill holes (arithm etical 
m ean from  th e  values of th e  th ree  drill holes) w hith  those of th e  control 
side.
Group I ,  inner callus. A decreasing tendency is no ted  in  egg-shell gypsum  
(E). The in itia l inner-callus production decreases in th e  s ix th  week; an 
approxim ately  equal production is reached in  callus production a t  th e  
E-plomb and  the  control side. A rising tendency  is no ted  in m etacry late  (M).
Both filling m aterials show an  inversion as to  the  expansion of th e  inner 
callus. The defects plom bed w ith m etacry late showed a significantly greater 
p roduction of callus com pared w ith th e  E-plom bs a t th e  end of th e  obser­
vation  tim e.
S tructu ral reconstruction of th e  inner callus could n o t be observed in  
any  of th e  cases investigated, b u t in all th e  cases, bo th  in plom bs and  on 
th e  control sides, vast resorption phenom ena were present a t  th e  callus.
Group I I ,  m arrow callus. A decreasing tendency  is no ted  in th e  egg-shell 
gypsum  group. The image of the  in itial filling w ith  callus and  its degradation 
of the  m arrow  area are congruent w ith th e  production of th e  inner callus. 
F irs t a rising, th en  a  decreasing tendency is observed in  th e  m etacry late  
group. The filling of th e  m arrow  area is only slightly  greater on th e  plom bed 
side th an  on the  control side. On com paring th e  defects, we find an  in itially  
greater expansion of th e  callus in th e  m arrow  area in the  egg-shell gypsum  
plombs, whereas in la ter stages no essentially different reaction can be 
observed between th e  tw o plom bing m aterials.
Group I I I ,  connective tissue pro liferation  in  the marrow area. A rising, 
th en  a  decreasing tendency  is observed in th e  egg-shell gypsum  group. 
The proliferation of th e  connective tissue in the  m arrow area increases up 
to  the  six th  week due to  inflam m ation stim ulus, and decreases again w ith 
th e  resorption process. The reactions in  the  plom bed defects are g rea ter 
th a n  in the  control drillings. F irs t a  constan t, th en  a rising tendency  is 
observed w ith m etacry late  plombs. W ith  progressing resorption, th e  equal­
ly profuse proliferation which firs t involves th e  connective tissue signifi­
can tly  decreases in th e  tw elfth  week for m etacrylate.
Group I V ,  external callus. There is a rising negative tendency  in  egg­
shell gypsum . A t firs t the  expansion of th e  ex ternal callus is essentially 
greater on th e  control side th a n  on th e  plom bed one. An equal production 
is observed in  the  tw elfth  week. No tem poral tendencies are no ted  for 
m etacrylate. On com paring the  tw o plom bing m aterials, we find  th a t  th e  
plast has significantly more influence on callus production in  the  second 
week. In  all th e  la te r stages the  reaction to  the  two plom bing m aterials 
is no longer different. Possibly the  egg-shell gypsum  m ixture is resorbed 
in th is area, in con trast to  th e  splin tered polym erisate, by  which the  produc­
tion  of appositional callus is stim ulated  outside th e  drill hole.
S truc tu ra l reconstruction of the  ex ternal callus could in no case be observed 
up  to  th e  tw elfth  week, b u t d istinct resorption phenom ena were present.
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Group V, apposition  callus. F irs t a decreasing, th en  a rising and, finally, 
a  descending tendency  to  an  equal level were observed for egg-shell gypsum . 
The reactions on th e  control side were alm ost the  same in  th e  th ird  week, 
in  con trast to  those of th e  first, fourth  and  six th  weeks. All were on the  
sam e level in th e  tw elfth  week due to  th e  resorption processes.
No tem poral tendencies were no ted  between plom b and  control for 
m etacry late  fillings. The apposition callus outside the  drilling is significantly 
g reater under th e  influence of egg-shell gypsum  in th e  second and  s ix th  weeks 
com pared w ith th e  control. The reactions of th e  tw o plom bing m aterials 
are approxim ately  equal. The reason for th e  callus growing a t  a d istance 
from  the  drill canal can be explained by  stim uli of foreign body or inflam m a­
tion, by plom b m ateria l w ashed aw ay subperifascially, su ture, blood coagula 
transform ed fibrinously, etc.
Group V I ,  connective tissue in  the d rill canal. There is a decreasing te n ­
dency w ith egg-shell gypsum  plombs. The in itially  existing proliferation of 
th e  connective tissue as a reaction to  the  in flam m ation stim ulus, intensified 
by th e  plom bing m aterial, subsides again a fte r the  fourth  week. An equal 
level is reached in th e  tw elfth  week.
There is a  rising tendency  w ith  m etacry late plom b. The filling of the  
drill canal w ith  connective tissue is significantly g reater com pared w ith  the 
control on th e  second week w ith  egg-shell gypsum  plomb. The reactions are 
g reater w ith the  p last plom bs in th e  six th  and tw elfth  weeks. Presum ably  
th e  egg-shell gypsum  m ixture has already  been absorbed by this tim e in 
con trast to  th e  p last; th is  explains th e  prolonged effect of the  m etacry late.
G roup VI I ,  marrow  substance in  the drill canal. No tem poral tendency 
was no ted  w ith th e  egg-shell gypsum  com pared w ith  th e  control. There is a 
decreasing negative tendency  w ith m etacrylate. The infiltration  of the  
drill canal w ith m arrow  substance is g reater in the  control p a r t; blocking 
by  connective tissue is p resent here as on the  plom bed p art. The filling of 
th e  drill canal w ith m arrow  substance was significantly g reater in the  
second, six th  and  tw elfth  weeks w ith egg-shell gypsum  plombs com pared 
w ith th e  control and  the  plast. P robab ly  since the  egg-shell gypsum  m ixture 
is resorbed more rapidly  th an  the  plast, the  m arrow tissue m ay grow out 
b e tte r  th an  in control drillings.
Group V I I I ,  osteoid tissue in  the d rill canal. An increasingly negative 
tendency  is noted w ith egg-shell gypsum  fillings. The production of osteoid 
tissue in  the  control drilling is g reater in th e  plom bed p a r t in the  beginning, 
and  th en  it  reaches the  same level. W ith  m etacrylate, there were no ten d en ­
cies concerning tim e between plom b and  control. The filling of the  drill canal 
w ith  osteoid tissue is significantly greater com pared w ith th e  control and the 
p last in the  second, th ird  and  fourth  weeks, and for egg-shell gypsum  in the  
tw elfth  week. The splintered polym erisate is supposed to  be released and  
th en  washed aw ay witli the  increasing resorption of the  osteoid tissue. Thus, 
our im pression is th a t  th e  effect of th e  egg-shell gypsum  m ixture is 
d istinc tly  g reater in the  tw elfth  week th an  th a t  of th e  plast. However, th is 
is re la tive  due to  th e  great difference com pared w ith the  control value.
G roup I X ,  density  of the osteoid tissue in  the drill canal. An increasingly 
negative tendency is no ted  w ith egg-shell gypsum  plombs, b u t no tem por a
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tendency in  th e  plom b and  the control w ith m etacrylate. The assessm ent 
of the  tw o sides is alm ost th e  same. The density  of th e  osteoid tissue shows 
th e  same p icture as th e  filling of th e  drill canal w ith osteoid tissue. Thus, 
th e  density  of the  osteoid tissue in  the  drill canal is to  be judged com pared 
w ith  th e  control. The same significances have been noted  here.
I f  we add  th e  significant values of egg-shell gypsum  and  m etacry late  
plombs, we obtain  a ra tio  o f E  11 : M 11 or of E  : M =  1 : 1. Since the  
degree of th e  interdependence of the  evaluations is no t certain  and  is 
connected w ith  no qualita tive  evidence, th is calculation can only be infor- 
m atory . lim  ing our observation period, th e  single evaluation groups were 
more or less influenced by  two filling m aterials in  the  regeneration process. 
A com parison of our results ob tained  w ith  rabb its  w ith  those of Tarsoly 
and  Tom ory (1963) and  Bornem isza and  Bakó (1958) w ith  dogs seem to 
be p rem ature  a t present. In  con trast to  th e  au thors m entioned, we m ade 
sm aller defects in all our drillings which seem to  have a d ifferent m anner 
of regeneration in the  re la tively  th inner com pacta and  in th e  sta tically  
fa r less loaded rab b it tib ia  th an  in th e  tib ia  and  fem ur of th e  dog.
Our groups I  to  IX  give a q u an tita tiv e  and  topographical insight in to  the  
tissue reactions in bone regeneration under the  given experim ental condi­
tions. I t  is a fact th a t  o ther form s of evaluations m ay ex tend  and  com plete 
the  picture. Bone regeneration is a complex process which cannot be consid­
ered and  judged from  one-sided points of view. An experim entally  in flu ­
enced bone regeneration cannot be judged by single findings, b u t has to  be 
verified by  as m any different m ethods as possible and  in a larger anim al 
m aterial comprising different species.
SUM M ARY
On rab b it tib iae drill defects of different sizes were filled up w ith egg-shell 
gypsum  or splintered polym erisate (Piacryl D F  z) of a grain size of <  60 p 
and  th e  bone regeneration was histologically investigated. The assessm ent 
of the bone form ation or regeneration process, perform ed according to  
topographical, q u an tita tiv e  criteria, shows significant influences b y  the  
filling m aterials during an  observation period lasting 2 to  12 weeks. No 
general influence on bone regeneration could be observed in th e  m echanically 
slightly  loaded rab b it tib ia  either when egg-shell gypsum  or splintered 
polym erisate was used for filling up the  defects.
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CLINICAL RESULTS REGARDING TH E FILLIN G  UP 
OF BONE CAVITIES W ITH A M IXTURE OF EGG-SHELL 
POW DER AND PLASTER
by
I. T o m o r y
FODOR JÓZSEF SANATORIUM FOR TUBERCULOSIS 
BUDAPEST, HUNGARY
and
E. T a r so l y
DEPARTMENT OF ANATOMY, HISTOLOGY AND EMBRYOLOGY 
UNIVERSITY MEDICAL SCHOOL DEBRECEN, HUNGARY
Ca v it ie s  may develop in bones as a result of inflammatory, tumorous 
and pathological metabolic processes. Several authors have given accounts 
of the significance and manner of filling in such cavities after excochleation; 
these, however, are not a t all new concepts. The debate centres on the 
material with which to  fill in the cavity.
As au toplastic  or hom oplastic m aterial, th e  spongiosa or cortical piece 
ob tained  from  the  hip blade or the  rib proved very  suitable (K yselka 
1960, Borsay and  Varró 1959, Nicoll 1956, H ad rav a  1959, Hellner 1958, 
Schnitzler 1960, etc.). The assessm ent of the  results obtained w ith the  “Kiel 
bone” is still carried ou t bo th  in H ungary  and  abroad; num erous scientists 
em ploy it  clinically or are occupied w ith th e  technology of its  production 
(Bauerm eister 1958, K ondrai 1964). The tendency  to  reduce surgical 
in tervention, the  difficulties of producing and  obtaining the  preserved bone 
(the lack of a  bone bank) focussed a tten tio n  on heteroplastic m aterials. 
A num ber of au thors (Friind 1954, Orell 1951) already gained experience 
in th is field, and  th e ir studies inform  us of th e  results obtained b y  using 
th e  m ost diverse m aterials (plaster, oils, syn thetic  m aterial).
On th e  basis of K rom pecher’s experim ents (1958, 1959), — according to  
which pulverized egg-shell has an  osteogenetic effect — we tried  to  fill in 
bone cavities w ith pulverized egg-shell in our experim ents w ith anim als, 
thus, departing  from  the  use of custom ary m aterials. F or th e  sake of a tta in ­
ing b e tte r p lastic ity  (pulverized egg-shell in  itself m ixed w ith  w ater sets 
w ith  difficulty  to  become m ouldable), the  pulverized egg-shell was m ixed 
1 : 1 w ith plaster. E xperim ents were carried ou t on 10 dogs. Cavities w ith 
diam eters from  10 to  15 mm were chiselled in  thick, tu b u la r bones and  
th en  filled in closely w ith  th e  above m ixture. D evelopm ents were observed 
histologically and  th e  favourable ossifying effects of our m ix ture were 
dem onstrated  (Tarsoly 1963, Tarsoly and Tom ory 1963). U ndoubtedly , 
p laster cannot be considered m erely as a carrier-m aterial, for th e  favourable 
results of its use have been dealt w ith as already m entioned. For the  purpose 
of control, p laster was em ployed alone, and th en  m ixed with pulverized 
egg-shell in an  experim ent under sim ilar conditions. The ossifying effect
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F ig . I. H aze l-n u t sized ra re fac tio n  su r­
rounded  by  sh a rp ly  con tou red  calcified 
zone in  th e  d is ta l ep iphysis o f  th e  fem ur
of the egg-shell-powder-plaster m ix­
tu re  considerably exceeded the  re ­
su lt obtained by  using m erely p las­
ter. Consequently, on th e  basis of 
the  results obtained in our experi­
m ents, we felt justified  in try ing  
ou t the procedure in  clinical p rac­
tice. This was done as follows.
The sterile p laster and  th e  egg­
shell pow der were p repared  in ad ­
vance for th e  operation in a small 
Petri dish. The plaster was ste ri­
lized in d ry  hot air, and the  egg-shell 
powder was disinfected w ith  Stero- 
genol according to  K rom pecher. The 
cav ity  was exposed th rough as 
small an  opening as possible a t  a 
spot where th e  cortex was th innest. 
The contents of the  cav ity  was clean­
ed out and  th e  cav ity  was filled 
in w ith gauze soaked in  ho t saline 
to  check bleeding. This we consider 
extrem ely im portan t, because su b ­
sequent bleeding softens th e  m ix­
tu re  when the  cav ity  is being filled 
in andis, therefore, disadvantageous.
W hile checking the  bleeding there 
is tim e to  mix the  tw o ingredients 
by adding saline +  antib iotic in 
such a ra tio  as to  enable us to  ob­
ta in  a well m ouldable mass sim ilar 
to  th a t  of p laster pulp. A th in , 
pencil-like bar can easily be formed 
w ith our fingers from the  pulp which 
is then  placed in to  th e  desanguinat- 
ed cav ity  w ith suitable instrum ents 
the way a  den tist perform s the  s to p ­
ping of a cavity . Before filling in 
the cavity , however, th e  soft p arts  
should be kep t clear of the opening
F ig . 2. C av ity  filled u p  w ith th e  m ix tu re
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F ia . 3. R e su lt o f co n tro l exam ina tion  
perfo rm ed  a f te r  one y ea r
of the  cav ity  or even isolated. E x ­
perience has shown th a t  the  dilute 
pulp  diffusing in to  th e  soft p a r ts  re ­
ta rd s th e  healing of th e  wound. The 
cav ity  can be closed perfectly if the  
opening of th e  filled cav ity  can be 
stopped cork-wise witli the  cortical 
piece ob tained  while exposing the 
cavity . Before applying th e  egg­
shell-pow der-plaster m ix ture, the  
cavity  m ay be flushed witli an  a n ti­
biotic solution. Spraying w ith  pow ­
der is no t recom m ended because it 
stim ulates bleeding. We describe two 
cases below as illustrations.
1. D. M. a  53-year-old woman was 
adm itted  for trea tm en t who had  been 
suffering from  knee com plaints for 
years. In  her X -ray p icture a hazel­
n u t sized rarefaction  was observed 
in the epiphysis of the  fem ur above 
the  knee surrounded by a sharply 
outlined calcified zone (Fig. 1). The 
a lteration  which proved to  be chronic ­
al osteom yelitis histologically, was 
cleansed and  the  cav ity  was closely 
filled in with our m ixture (Fig. 2). 
The wound healed per prim am  and 
the  p a tien t was dismissed tw o weeks 
a fte r th e  operation. A year la ter the 
control exam ination showed th a t  the  
m ovem ents of the jo in ts were free 
and  the  p atien t had  no com plaints. 
The X -ray  picture showed a com ­
plete reconstruction of th e  cavity  
(Fig. 3).
2. B. T. a  36-year-old m an com ­
plained of pain  in his left foot, and  
his com plaints did no t cease a fte r 
sym ptom atic trea tm en t. On admis-
F ig . 4. H aze l-n u t sized sh a rp ly  con toured  
ca v ity  shadow  in  th e  an te r io r  p a r t  o f th e
le f t calcaneus
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F ig . 5. C ontrol X -ra y  p ic tu re  a f te r  3 
m on ths
sion the  X -ray  p icture showed a 
hazel-nut sized, sharp ly  defined 
cav ity  shadow in th e  projection of 
the  an terio r p a r t  of th e  left lateral 
calcaneum  (Fig. 4). On exposing 
the  alteration , serum  was ex tracted  
from  the  cavity , and  a fte r cleaning 
the  wall of th ey av ity  of th e  grayish- 
red  granulation, a m ix ture of egg­
shell pow der was applied. Histologic­
ally th e  a lteration  proved to  be a 
bone cyst. The filling in  of th e  cav­
ity , th e  absorption of th e  m ixture 
can be followed very  well in  the  
X -ray p ictures (Figs. 5 and  6).
A to ta l of 7 patien ts  were trea ted  
so far w ith  egg-shell pow der im ­
p lan tation . This re la tively  small 
num ber does no t perm it far-fetched 
conclusions to  be draw n of th e  value 
of our procedure. However, i t  m ay 
be ascertained th a t  th e  experience 
gained so fa r w ith th is exceedingly 
cheap and  technically easily p rodu­
cible, im m unbiologically inactive 
m ix ture has so far lived up  to  our 
expectations on the  ground of the 
conclusions draw n from  anim al ex ­
perim ents. On assessm ent we had to  
take  into consideration th e  in struc­
tive healing results ob tained  by 
filling up  the  bone cav ity  w ith  o ther 
m aterial. O ur in stitu te  is in  posses­
sion of 10 years’ experience in the  
field of healing cavities w ith  auto- 
and  hetero-transp lan ts of spongious 
and  cortical bones. I t  has generally 
been observed that the cavities f i l l  up, 
but osteoclasia does not ensue even 
years later, though it is true that the
F ig . 6. C ontro l X -ray  p ic tu re  a f te r  ü 
m o n th s
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F ig . 7. N u t-sized  c a v ity  in  th e  p ro x i­
m al ep iphysis o f  th e  tib ia
patient does not suffer any serious 
consequences clinically on account 
of this.
3. E . T. In  the  region of the  me- 
taphysis of th e  left tib ia  of a  30- 
year-old wom an a nut-sized cavi­
ty  of an  aspecific osteom yelitis o ri­
gin was filled in w ith rib fragm ents 
(Fig. 7). Two years la te r the  im ­
p lan ted  cortical pieces could still 
be seen in the  X -ray p icture (Fig. 
8). The p a tien t has no com plaints 
and th e  jo in t is capable of u n ­
obstructed  m ovem ent.
In  con trast to  the  bone frag­
m ents, a fte r the em ploym ent of 
our m ix ture we were able to  ob ­
serve alm ost perfect anatom ic heal­
ing in several cases m onths later. 
We in tend  to  continue the  clinical 
application of our procedure and to  
perfect its technique on the  basis 
of the results obtained hitherto .
F ig . 8. C on tro l X -ray  p ic tu re  a f te r  2
years
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E X PE R IM E N T S ON ISOLATED CHONDROCYTES
by
J . K a w ia k  and  S. Mo sk alew sk  i
DEPARTMENT OF HISTOLOGY AND EMBRYOLOGY 
ACADEMY OF MEDICINE, WARSAW, POLAND
I n  m a tu r e  cartilage abou t tw o-thirds of the tissue volum e is occupied by 
th e  cartilage m atrix  (Bloom and  F aw cett 1962). This fact seems to  suggest 
th a t  th e  m atrix  significantly influences the  behaviour of the  tissue. However, 
a large am ount of m atrix  is also a serious hindrance in experim ents on the  
cartilage cells. A t least some of these difficulties in experim ents on chon­
drocytes m ight be avoided by  liberating the  cells from  the  m atrix . Bearing 
th is in m ind, we a ttem p ted  to  isolate chondrocytes. Two essentially d ifferent 
m ethods of chondrocyte isolation were developed. One in which a small 
num ber of cells can be isolated from  already fixed cartilage; th is  m aterial 
was used for experim ents on th e  localization of su lphated  m ucopoly­
saccharide synthesis. F o r this purpose some special m icrochemical estim a­
tions were perform ed. The other isolation m ethod, based on enzymic t r e a t­
m ent of cartilage sections, gives millions of living and functioning cells. 
These cells were used for tran sp lan ta tio n  experim ents.
The site of sulphated mucopolysaccharide synthesis in  cartilage cells. The 
cartilage m atrix  is presum ably in a  s ta te  of constan t renewal. This was 
stud ied  in  experim ents on in tracellu lar production  of su lphated  m ucopoly­
saccharides o f cartilage. The presence of su lphated  m ucopolysaccharides 
was d em onstra ted  in  isolated chondrocytes by  the m icrom ethod developed 
for th e  yy\ range (Kawiak 1963a, K aw iak and Kowalski 1964). F or iso­
lation of chondrocytes, the  deparaffinized paraffin  section from  fixed 
m ateria l was placed in 80%  ethanol or in  w ater, and  then  th e  section 
was rem oved w ith a needle (Fig. 1). The chondrocytes of the  opened lacunae, 
adhering to  th e  glass surface rem ained on the  slide, while th e  cartilage 
m atrix  was removed. The isolated cells were grouped w ith th e  m icro­
m anipulator. All fu rth e r biochemical m anipulations were perform ed likewise 
under th e  microscope w ith the  aid of a m icrom anipulator. Separated  groups 
of 20 cells were ex trac ted  by alkali (0-5n NaOH, 4° for 20 h) or papain 
(a t room  tem peratu re  2 X  24 h). The ex tracts  ob tained  were neutralized, 
and  th en  th e  m ucopolysaccharides were p recip ita ted  w ith rivanol according 
to  W hitehouse and B oström  (1961) and  M oretti and  W hitehouse (1963). 
Only su lphated  m ucopolysaccharides were found in chondrocytes, and  abou t 
10 to  40 ppg o f chondroitin sulphate equivalent per cell was estim ated.
In  view of these results, i t  was in teresting to  te s t if  su lphated  m ucopoly­
saccharides could be synthesized or stored in some restric ted  region of the
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F ig . 1. Schem e o f  the  iso­
la tio n  procedure  o f  ch o n ­
d ro cy tes  from  a section  of 
cartilage
Microscopic s l ide
cell. Presum ably, the  sulphation  process of su lphated  m ucopolysaccharides 
can be tak en  as an  indication of synthesis of the  whole polysaccharide m ole­
cule in  vivo, although in  vitro th e  possibility o f sulphation w ithout the  
synthesis of th e  polysaccharide chain was dem onstrated  (Adams 1952). 
This phenom enon was utilized in  experim ents on r a t  epiphyseal cartilage 
which was incubated  in th e  presence of sodium  sulphate [35S] (Amer- 
sham ) a t 37° only for a sho rt period (10 min). W ith in  th is tim e th e  iso­
tope was already  incorporated  in to  th e  lim ited region of chondrocyte cy­
toplasm  (K aw iak 1963b; Fig. 2). F rom  autoradiographic observations on 
chondrocytes released from  th e  cartilage m atrix , th e ir synthesis or th e  
storage of already polym erized m ucopolysaccharide(s) in the  Golgi region 
of the  cartilage cell was suggested (Kawiak 1963b). Godm an and  L ane (1964) 
confirm ed th is suggestion by  electron microscopy.
Isolation of living chondrocytes. Besides the  dead  cells, also the  living and  
functioning chondrocytes can be liberated  from  cartilage. L iving chondro­
cytes were isolated from  a m atrix  of nasal sep ta  cartilage of calves and 
rabb its  (K aw iak e t al. 1965). To secure uniform  liberation of cells from the  m a­
trix , th e  cartilage was cu t into 120 u sections w ith  a  m icrotom e. Isolation of 
cells was conducted in a  weighing bo ttle  divided in to  two com partm ents 
by a  nylon filter and  containing a m etal rod sealed in  a glass tube. The 
cartilage sections were in itially  trea ted  w ith H anks solution containing 
trypsin  a t 37° for 20 min. D uring th is tim e th e  conten t of th e  weighing 
bo ttle  was stirred  on a m agnetic stirrer. Then the  enzyme solution was 
discarded and  replaced by H anks solution containing trypsin  and  collagenase. 
The second portion  of the  enzym e solution was stirred  for 20 to  45 min, and  
a t  th e  end of th is period practically  all the  cartilage sections were dissolved. 
The suspension of liberated  cells w ithdraw n from  the  lower com partm ent 
of th e  vessel was filtered  th rough  nylon mesh. The cell suspension was 
overlayered on 0-25m saccharose solution and th e  cells were sedim ented 
a t  100 g for 5 min. One to  th ree  millions of cells were ob tained  in  a single 
procedure from  1 g of fresh tissue. The cells were viable according to  tests 
perform ed w ith  try p an  blue and  neu tra l red. However, some im pairm ent
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F i g . 2. A u to rad io g rap h  d em o n s tra tin g  th e  localiza tion  o f  su lp h a tio n  in  chond rocy te  
derived  from  ra t  fem oral ep iphysis
of 35S incorporation in to  the  cells was noted, and  prolonged trea tm en t 
w ith H anks solution led to  the appearance of ‘bubbles’ on the  cell surface.
Production of cartilage m atrix by chondrocytes isolated from  mature cartilage. 
The ab ility  of synthesis of th e  cartilage m atrix , as indicated  by th e  incorpora­
tion  of 35S into chondroitin sulphate (Dziewiatkowski 1951) or a fte r partia l 
rem oval of the  m atrix  by papain  injection to  rabbits (Engfeldt and 
W estborn 1960, Thom as 1956), persists in adu lt anim als. However, it is no t 
clear if  cells obtained from  m atu re  cartilage a t  the  stage when no m atrix  
surrounds them , will be able to  restore th e  m atrix . In  order to  answer th is 
question 3-7 to  14 X 105 chondrocytes isolated from  female rabb its were 
injected w ith  a syringe in to  one of th e  tib ia l an terio r muscles of a  male 
rabbit. The cells obtained from  th e  same isolation, frozen and  thaw ed five 
tim es in order to  kill them  before tran sp lan ta tio n , served as controls. They 
were in jected  in to  the  muscle of th e  an im al’s o ther leg. The recipient rabb its  
were killed 7, 14, 28 and  42 days a fte r tran sp lan ta tio n  and  the  whole tib ia l 
an terior muscles were removed, fixed and  exam ined histologically and  
histochemically.
R ab b it septal cartilage had th e  s tru c tu re  of hyaline cartilage (Fig. 3). 
Chondrocytes contained in their cytoplasm  one or more vacuoles, frequently
18 Symp. Biol. Hung. 259
of considerable size. L ipid droplets corresponding to  the  vacuoles were 
seen in  Sudan IV  stained sections. Sex chrom atin  was presen t in 74 to  78% 
of female and  8 to  12% of m ale chondrocytes (see tab le  below).
Incidence of sex chrom atin in nuclei of 
chondrocytes from septal cartilage and from 
cartilage formed after transp lan ta tion  of isolated
female chondrocytes
Nuclei
Type of cartilage specimen* containing sex chromatin (
Male septal cartilage i
•>
3
8
10
12
Female septal i 78
cartilage 2 74
3 76
Transplants 1 78
3 71
Note* =  in eacli specimen 100 nuclei were counted.
Iso lated  cells were spherical or oval in  shape. A large num ber of cells 
contained lipid droplets in  th e  cytoplasm  (Fig. 4). The tran sp lan ted  chondro­
cytes were localized in a muscle or in  th e  perim ysium . The cartilage usually 
assum ed an  elongated shape in  the  direction of the canal form ed by  the  
needle during injection. In  seven-day tran sp lan ts  im m atu re  cartilage was 
present. The cartilage m atrix  was scan ty  and  fibrillar in appearance and 
gave a m etachrom atic reaction, particu larly  in th e  vicin ity  of cells. C hondro­
cytes were arranged close to  one ano ther and contained lipid vacuoles. 
More in tercellu lar substance was observed afte r 14 days, and  a fte r 28 and 
42 days the  cartilage of tran sp lan ts  assum ed an appearance resem bling the  
sep tal cartilage used for isolation (Fig. 5). The chondrocytes contained large 
lipid vacuoles and  71 to  78% of them  contained sex chrom atin  in the  nuclei 
(see table). In  control experim ents, in which dead cells were injected, no sign 
of cartilage form ation could be found.
Induction  of bone and  cartilage is a frequen t phenomenon in th e  rabb it 
(Bridges and  P ritch ard  1958). Bone induction following injection of tissue 
ex trac ts  in to  rab b it muscles was also reported  (H artley  and  Tanz 1951, 
H einen e t al. 1949). Therefore, cartilage induction should be distinguished 
from  the  form ation of new m atrix  by  th e  tran sp lan ted  cells. We did  not, 
however, observe cartilage form ation in  tran sp lan ts  of dead cells in jected  
in the  same num ber and  from  the  sam e isolation as th e  tran sp lan ted  living 
cells. Moreover, th e  n a tu ra l labelling of cells by  sex chrom atin (Moore and 
B arr 1954) suggests th a t  th e  in jected  cells surrounded them selves by  ca rti­
lage m atrix . Besides, m any chondrocytes in the  septal cartilage and in
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Fig. 3. Rabbit nasal cartilage. Hema- 
toxylin-eosin; x 200 r
tran sp lan ts  contained a  large lipid 
droplet in th e  cytoplasm . All these 
facts tak en  together indicate th a t  
th e  cartilage m atrix  was formed 
by  tran sp lan ted  chondrocytes, and 
no t as a result of induction.
T ransp lan ts exam ined one m onth 
or more a fte r im plan ta tion  were 
surrounded by  cellular in filtration.
This observation suggested some 
sort of im m une response to  tra n s ­
p lan ted  cells. Thus, some fu rther 
experim ents were planned on the  
immunological response to  cartilage 
transp lan ts.
Role of cartilage m atrix in  im m une  
response of cartilage transplants. I t  is a known fact th a t  cartilage tra n sp la n t­
ed from  one anim al to  another w ithin the  same species is no t re jected  as, 
e.g., skin grafts (Craigmyle 1958, S chatten  e t al. 1958). This unusual beh av ­
iour of th e  cartilage can be connected w ith the  jiresence of cartilage m atrix  
which separates the  chondrocytes from  the im m une com peting cells and  in 
th is w ay prevents the  tran sp lan t from  destruction. Presum ably , th e  ca rti­
lage m atrix  is no t an  antigen against th e  cartilage cells, and  th e  cells can con­
s tan tly  renew the  com ponents of th e  m atrix . The valid ity  of this hypothesis 
could be verified in experiments with transplantation of isolated chondrocytes.
Keeping th is hypothesis in m ind, a nasal cartilage was surgically removed 
from  a  rab b it under anesthesia.
For sim plicity, this rab b it will be 
denoted A . F rom  ano ther rabb it,
B, nasal cartilage was also removed.
Small fragm ents of cartilages A  and 
B  as well as chondrocytes obtained 
from  cartilage A and the  cells from 
cartilage B  were separately  tra n s ­
p lan ted  on the  back of rab b it A .
Prelim inary results suggest th a t  the  
whole autologous A cartilage as well 
as cartilage formed by  in jected  
chondrocytes A  are no t surrounded
Fig. 4. Chondrocytes isolated from 
rabbit nasal cartilage. Phase contrast, 
living; x 400
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Fig. 5. Cartilage formed 28 days after 
transplantation of isolated rabbit nasal 
chondrocytes. Haematoxylin-eosin; x 400
by in filtra ting  cells, in  contrast 
to  th e  fragm ent of cartilage B  and 
th e  newly form ed cartilage from 
cells B. A lthough th e  prelim inary 
results roughly agree w ith the  hypo­
thesis presented above, i t  is too  early 
to  draw  any  conclusions from  these 
experim ents.
SUMMARY
Two m ethods for isolation o f chon­
drocytes are described. ( )ne in which 
already fixed cells can be liberated  
from  the  cartilage m atrix ; th e  cells 
isolated in this way were used in ex­
perim ents on th e  in tracellu lar loca­
lization of the  synthesis of sulphated 
m ucopolysaccharides. The o ther isolation m ethod, based on enzymic 
trea tm e n t of living cartilage, liberated  living and  functioning chondrocytes. 
The cells iso lated  from m atu re  cartilage form  a new cartilage m atrix in the 
recipient anim al.
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ON T H E  B IO SY N TH ESIS OF M UCOPOLYSACCHARIDES
by
H. S chmidt
INSTITUTE OF PHYSIOLOGICAL CHEMISTRY, MARTIN LUTHER UNIVERSITY 
HALLE (SAALE), GDR
T h e  m e t a b o l ism  of m ucopolysaccharides (MPS), their analysis and  th e ir 
synthesis is of considerable in terest biochem ically and  clinically, because 
th ey  form  im p o rtan t constituen ts of body fluids and  body tissues. The tasks 
th ey  have to  fulfil, e.g. in the  connective and  supporting tissues (chondroitin 
sulphates A, B, C), w ith  blood coagulation (heparin) or as substances speci­
fic for blood groups (fucomucines) are to  be considered. These com pounds 
are of growing im portance w ith regard  to  im m unochem ical processes w ith  
bacterial and  virus infections. Callus form ation is a  repara tive  process 
accom panying the  developm ent of MPS. L indner (1964) recently  pointed 
ou t th a t  th e  so-called synthetic  phase w ith  healing w ound begins w ith 
th e  form ation of the  ground substance which contains the  M PS and  which 
probably  controls and regulates th e  fibre developm ent as a kind of m atrix . 
Thus, th e  biosynthesis of the  MPS is of considerable in terest in  callus for­
m ation.
MPS are substances of heterogenous stru c tu re  which exist in  a free or 
bound form as do m ucoproteins or glycoproteins. Meyer distinguishes 
betw een acid and  neu tra l MPS, and subdivides th e  acid MPS according to  
th e ir s tru c tu re  in to  simple and  complex acid MPS. All th e  MPS, including 
th e  neu tra l ones, contain am ino-sugar as a  common constituent. Besides 
these amino-sugars, uronic acid and  acetic acid can be found in th e  simple 
acid M PS; th e  complex MPS give sulphuric acid under hydrolysis. Quite 
recently  com pounds have been repeatedly  isolated th a t  contained a neu ram ­
inic acid as an  acid com ponent. The neu tra l MPS consist of an  am ino- 
sugar and  varied  quantities of o ther monosaccharides, nam ely glucose, 
galactose, m annose and  fucose.
A consideration of th e  biosynthesis of the  MPS includes all these elem ents 
of the  MPS. Among them , the  elem ents of the  acid MPS will be more closely 
discussed. Our knowledge of th e  biosynthesis of the  MPS has been chiefly 
obtained during the  last ten  years. This progress has been facilitated  by  
im proved m ethods of p reparation  and  identification of the  M PS and  their 
m etabolites and  by th e  isotope technique.
Glucuronic acid and iduronic acid, an  isomeric com pound of the  glucuro­
nic acid, are, besides glucosam ine and  galactosam ine to  be considered as 
basic elem ents of the  acid MPS. In  certain  cases derivatives of neuram inic 
acid are to  be added. This, however, will n o t be discussed here.
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E xperim ents on Streptococci w ith labelled m onosaccharides have shown 
th a t  glucose in  particu la r m ust be considered as a precursor of am ino-sugars 
and  of glucuronic acid. Galactose and  fructose prove to  be less efficient. 
The w ay to  th e  m ost im p o rtan t elem ents of th e  MPS appears to  be via 
glucose. To reach th e  hexuronic acids m entioned, an  oxidation has to  take 
place a t  th e  C-atom  6 of th e  glucose molecule. I t  is known to d ay  th a t  this 
oxidation does n o t take place a t a free glucose molecule b u t a t a  nucleosid- 
glucose-com pound. The la tte r  has been described by  a team  of Leloir in 1950 
(C aputto  e t al. 1954). The nucleosid-glucose-compound, as dem onstrated  
by  M unch-Petersen et al. (1953), develops by  the  reaction of th e  mo- 
nonucleotid urid ine-triphosphate (UTP) w ith a glucose com pound rich in 
energy, the  glucose-1-phosphate. During th e  separation of pyrophosphate 
urid ine-diphosphate (UDP) glucose develops:
U T P  -|- glucose-1 -phosphate —► UDP-glucose +  PP.
As is known, glucose-1-phosphate is a link in the  in term ediary  carbohydrate 
m etabolism  and  is sufficiently available. W ith  UDP-glucose, glucose is 
p resen t as a  com pound active in  m etabolism , as active glucose. Generally, it  
plays an  im p o rtan t p a r t  in the  in term ediary  m etabolism  of carbohydrates. 
The active glucose molecule m ay en ter into a m ultitude of reactions. We 
shall m ention those th a t  have a  relation to  the  M PS-synthesis. H ere the  
oxidation of glucose tow ards glucuronic acid should be m entioned. Accord­
ing to  th e  investigations of Strom inger e t al. (1954), th is reaction m ay be 
catalysed by  an enzym e of th e  liver and  needs th e  niacinadenin-dinucleotid 
(NAD) as hydrogen acceptor. The reaction m ay b e  form ulated as follows:
liver enzyme
U D P-glucose------------------------------>U D P glucuronic acid.
NAD ---- *N A D H 2
During th is reaction the  glycosidic hydroxyl group of the  C-atom  1 of the 
glucose is p ro tec ted  from  oxidation by its connection w ith the  rest of the  u ri­
dyl. The developed U D P  glucuronic acid now serves as a group carrier and 
m ay be built in to  the  MPS m entioned. Thus, the  way from  glucose to  glucu­
ronic acid is laid  open. Iduronic acid, a com ponent o f th e  chondroitin  sul­
phuric ac id B  (skin) develops byepim erization  a t the  C-atom 5 of the  glucuronic 
acid, owing to  th e  partic ipa tion  of an  epim erasis. This transfo rm ation  has 
recently  been pointed ou t by  Jacobson and  D avidson (1963). W hether a 
transfo rm ation  o f UDP-glucose into U D P-idose takes place is not yet 
verified b u t m ay be considered possible.
A nother reaction of the  UDP-glucose which is of in terest is its  tran sfo r­
m ation  into galactose. Principally, i t  is an  epim erization, th is tim e a t  the  
C-atom  4 as is shown w ith  th e  developm ent of iduronic acid. Thus,
C 4 — epimerasis
UDP-glucose ------------------------------a- U D P-galactose.
Besides this reaction, another, under co-operation of a transferase, has 
been described:
264
G alactose-1 -phosphate
+
transferase
UDP-galactose
UDP-glucose
(glucose-1-phosphate-
uridyltransferase glucose-1 -phosphate.
I t  m ay be supposed th a t by these reactions sufficient galactose will be 
available for th e  developm ent of th e  am ino-sugars needed for the  composi­
tion of th e  MPS. According to  Gibian (1959), the la tte r  m ay develop by  the  
direct addition  of an am ino group to  galactose or glucose phosphates or by  
the  reaction of fructose-6-phosphate th a t  appears w ith glycolysis.
Fructose-6-phosphate -f- N H 3 glucosam ine-6-phosphate H 20 .
G lutam ine is to  be m entioned especially as an  am ino-group donor. H eyns 
and  K och (1952) were able to  dem onstrate th a t  fructose, N H 4C1 and  phos­
phate form glucosamine w ithout the  partic ipa tion  of enzymes. A fter tra n s ­
form ation of glucosam ine-6-phosphate into glucosam ine-l-phosphate, U D P- 
glucosam ine m ay develop which m ay be transform ed in to  UDP-galactos- 
am ine sim ilar to  the  reaction described. Maley and  Maley (1959) confirmed 
th is mechanism of transform ation. According to  Boström (1960), free glucos­
am ine can apparen tly  be transferred  w ith th e  co-operation of adenosine 
triphosphate  into glucosam ine-l-phosphate and  can thus, react w ith  U TP.
The hexosamines appearing in  the MPS are in  m ost cases acety lated  to  
the  nitrogen atom . W ith  th e  co-operation of acetyl-coenzym  A, bo th  the 
glucosamine and  the  galactosam ine are transform ed in to  th e ir acety lated  
derivatives. Both acety lated  hexosamines m ay be m utually  transform ed 
in to  their U D P-com pounds (Glaser 1959). Corresponding derivatives of 
galactose m ay be form ed a t  various stages of reaction: glucose — galactose, 
glucosamine — galactosam ine, acetyl glucosam ine — acetyl galactosam ine. 
The phases of reaction dem onstrated  h itherto  during the  developm ent of 
MPS are fairly well known. Among th e  following reactions only some are 
verified by experim ents. The question is how th e  proper chain of poly­
saccharides is form ed and  when or a t  which phase of reaction sulphuric acid 
is in troduced  in to  th e  sulphate-containing MPS. Boström  (1960) considers 
bo th  questions as the  m ost delicate problem s of the  M PS-synthesis. Gibian 
(1959) m aintains th a t  disaccharide un its are form ed in the  in troducto ry  phase 
of th e  synthesis, because, in his opinion, M PS appear only as even-num bered 
polym ers. He form ulates th e  supposed course of reaction as follows:
U D P-glucuronic 
acid (GS) +
U D P-glucosam ine (GA)
U D P-acetyl-glucosam ine
(AGA)
U D P-acetvl-galactosam ine
(AGaA)
GS-(UDP-GA)
GS-(UDP-AGA)
GS-(UDP-AGaA).
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I t  is probable th a t  such a m echanism of reaction exists w ith th e  form ation of 
ch itin :
U D P AGA -f  U D P  AGA -* AGA (U D P —AGA).
According to  Gibian, a developm ent of disaccharides is also possible via 
am ino-sugar phophates:
U D P-glucuronic acid -f- acetyl-glucosam ine-phosphate -*■ glucuronylacetyl-
-glucosamine-phosphate.
The disaccharide-phosphate is said to  react w ith U TP, thus, again develop­
ing glucuronyl-(UDP-acetyl-glucosam ine).
According to  th e  tw o mechanisms, an  active disaccharide would be 
developed which could equally be an  acceptor or donor in polym erization. 
I t  is probable th a t  several polym erases tak e  p a r t here. The question of the  
in troduction  of sulphuric acid still rem ains open. There is no evidence of 
th e  coupling of disaccharide un its to  polym er MPS. The biosynthesis of the 
hyaluronic acid has been investigated  (Dorfm an 1962) very  thoroughly  b u t 
no t com pletely. Streptococcus haemolyticus enzymes develop hyaluronic 
acid from  U D P  sugar derivatives. H ere tw o reactions are catalysed:
1 .  The connection of the  U D P  glucuronic acid w ith the  C -atom  3 of 
the  acetyl-glucosam ine;
2. The transfer of acetyl-glucosam ine from UDP-AGA to  th e  C-atom  4 
of the  glucuronic acid.
According to  these results, an  a lternate  addition of th e  single m onosaccha­
rides appears to  be possible. The question arises a t  w hat stage th e  in sta lla ­
tion  of the  sulphates takes place. According to  Gibian, sulphating is said to  
be closely linked to  th e  am ination and  to  take  place a t  an  early  stage of 
th e  M PS-synthesis; probably  a t th e  m onosaccharide, b u t a t  the  la test a t 
th e  disaccharide stage. As proof Gibian m entions th a t  C-14-glucose, C-14 
labelled acetate of th e  carboxyl group and labelled sulphate in  vivo produce 
practically  identical half-lives, as has been tested  w ith the  chondroitin 
sulphuric acid of th e  skin and  th a t Strom inger (1955) was able to  isolate 
U D P-acetyl-galactosam ine-sulphate from  the  oviduct of laying hens. On the 
o ther hand, D elbrück and  L ipm ann(1959)obtainedan  enzyme from  em bryon­
ic calf cartilage th a t  transfers, e.g. su lphate to  th e  chondroitin fraction 
of the  cornea.
I t  m ay be considered th a t  bo th  reactions are possible. I t  is undisputed, 
however, th a t  the  rest of the su lphate is produced by adenosine-3’-phospho-5’ 
-phosphosulphate, the  active sulphate. Active sulphate is developed in two 
phases of th e  reaction w ith  the  co-operation of adenosine triphosphate  
(ATP)-sulphurylase and  ATP-kinase, as dem onstrated  by  Robbins and 
L ipm ann (1956).
In  conclusion, a schem atic diagram  below shows the  phases of synthesis 
th a t  have led to  the  form ation of m ucopolysaccharides. This scheme has
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been p lo tted  according to  the  d a ta  of D orfm an (1955), Z am botti (1957), 
Gibian (1959) and Brimacombe and  W ebber (1964). For the  sake of clarity, 
n o t all the  reactions discussed are indicated.
A TP
G lucose-6-P  ■<---------------- G lucose
G lu -N H 2
1
----------------->• G lucosam ine-6-P ---------------->- G lucosam ine-1-P
<------- Acetyl-CoA
G lucose-l-P  A cetyl- A cetyl-
G lucosam ine-6-P  ---------------- »• G lucosam ine-1-P (
-<— — -------------------------------- U T P  -----------------J
U D P - U D P - U D P  U D P
G lucose A cetyl- — ■> A cetyl- G lucosam ine
G lucosam ine G alak tosam ine
N A D
1
U D P -G lucuronic  acid
I . 1 1
D isaccharide-un its (?)
+
ac tiv e  su lp h a te
H y alu ro n ic  acid  C hondro itin  H eparin
su lp h a te
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ELECTRIC FACTOR IN  BONE REGENERATION. REPORT ON 
STUDIES I N  V I T R O  AND I N  V I V O
by
T .  C lE S Z Y N S K l
II. SURGICAL CLINIC, UNIVERSITY MEDICAL SCHOOL, WROCLAW, ROLAND
When perform ing th e  rehab ilita tion  of patien ts  w ith recently  healed bone 
fractures, Cieszynski (1963a) noticed th a t ba ths in iodic-brom ic salines 
exert either a  favourable or a noxious influence, depending on the  origin 
of th e  saline in  use.
It was found th a t the  iodic-brom ic saline from  Iwonicz-Spa has an ad v an ­
tageous influence (in conform ity w ith  G abryszew ski’s previous observations), 
b u t the  iodic-bromic saline of Jastrzeb ie-Spa appeared to  ac t quite unfavour­
ab ly  in  these cases. This strik ing effect could no t be explained either from 
th e  chemical or the balneological point of view.
Cieszynski’s (1963a) in-vitro experim ents solved this problem . He showed 
th a t  bo th  salines differ from  each o ther by the  opposite electric surface- 
dep th  po ten tia l whose extrem e values correspond precisely to  the  therap eu ­
tic concentrations of the  solutions (Fig. 1).
These m easurem ents m ade it possible to  explain the  apparen tly  paradox ic­
al therapeu tic  effect in conform ity w ith th e  hypothesis in K ubicz and 
Cieszynski (1960), assum ing th a t  the  po ten tia l difference in the  salinic baths 
causes th e  transposition  of th e  loosely bound electrons in th e  p a tien t’s body.
In  order to  clarify th e  role of electricity  in th e  regeneration of bone tissue, 
Cieszynski (1963b) perform ed fu rth e r studies on anim als. R abb its  were 
used, in which fractures were produced of bo th  forelimbs. Then the  fractu red  
limbs were placed in to  m etal-sheet splints for im m obilization. In the  a r t i ­
ficial cell system  one of th e  limbs was trea ted  w ith electricity, while the 
o ther one was left to  heal spontaneously. In the biological cell system  both 
limbs were trea ted  with electricity.
I t  was found when using th e  artific ial cell system  (Fig. 2) th a t  near the  
positive electrode, on the  dorsum  of the  rabbit, a mineral tum our arose 
inside th e  subcutaneous tissue (Fig. 3). A t th e  same tim e, in th e  limb which 
was under th e  influence of a negative electrode, the  regeneration of callus 
appeared to  be slightly depressed in com parison w ith the  control limb in 
which a  more valuable callus was spontaneously form ed (Fig. 4).
Some other experim ents which were perform ed according to  the  layout 
shown in Fig. 5 revealed th a t, when influencing th e  fractu red  limb w ith a 
positive electrode, a callus is obtained which is 1-5 to  3 tim es stronger th an  
th a t  of th e  control limb. These mechanical m easurem ents were taken  by 
the  m ethod shown in Fig. 6.
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F ig. 1. E lec tric  su rface-dep th  p o te n tia l 
o f  Iw onicz an d  Ja s trz^ b ie  salines a s  a 
func tion  o f  co n cen tra tio n  o f th e  so lu tion
F ig. 2. Schem e o f  connection  o f th e  elec trodes 
in  th e  f irs t ex p erim en ta l g roup . S.S. =  sta in less 
steel; X  =  site  o f  frac tu re
M oreover, when exam ined histologically, i t  was found th a t  the  s tructu re  
of callus developed near th e  positive electrode was alm ost m ature and  largely 
regular, while th a t  of th e  control limb was ra th e r young and  irregular.
In  a group of experim ents the  biological cell system  was em ployed as 
shown in Fig. 7. The radiogram  (Fig. 8) shows an ab undan t alm ost uniform  
callus in  th e  righ t limb which was fixed in  an alum inium  electrode, whereas 
in  the  left limb which was fixed in a stainless steel electrode there  is a typ ical 
p a tte rn  of delayed callus.
The same observations can be m ade on pictures of th e  histological speci­
mens (Figs 9 and  10) as on the  radiogram .
I t  has to  be em phasized th a t  near th e  alum inium  electrode th e  positive 
electric charges, and near the  stainless steel electrode the  negative ones were 
concentrated.
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F ig. 3. A mineral shadow 
is visible above the ver­
tebral column of a rabbit 
whose dorsal region was 
influenced by the positive 
electrode according to the 
scheme in Fig. 2
F ig. 4. R ad io g ram  of the 
rabbit- in  F ig . 3. I n  the  
r ig h t fore-lim b, a  solid 
hone concretion  w ith  
sm ooth edges. Tn th e  left 
to re-lim b, a  m in e ra l con­
cre tion  less un ifo rm  s u r­
ro unded  b y  irreg u la r c a l­
lus tissue
The experim ents indicate th a t  positive electricity  stim ulates callus for­
m ation, while negative electricity  depresses it. Theoretically, the  na tu re  of 
positive and  negative electricity  can be explained
(a) by the  transposition  of the loosely bound electrons and bv electrochem ­
ical oxidation and  reduction reactions;
(b) by the  action of “ electrons and  holes” ;
(c) by th e  action of elem ental electric charges of bo th  signs (possessing 
g reat m obility and  some energy)
(d) by  the  action of non-ionic “ electric carriers” .
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F ig. 5. Second scheme 
of connection of the 
electrodes.
S.S. =  s ta in less  steel; 
X  — site  o f fra c tu re
2 cm
Fig. 6. Schem e o f th e  a p p a ­
ra tu s  for m easuring endurance 
to  fra c tu re . P  =  load force
(+)
H
F ig . 7. Schem e o f biological 
cell system . A1 =  alum in ium ; 
S.S. =  s ta in less steel; X  =  
site  o f fra c tu re
F ig. 8. R ad io g ram  o f  a  
ra b b it  tr e a te d  in  a  b io log i­
ca l cell sy s tem . In  th e  
r ig h t fore-lim b, a b u n d a n t 
callus fo rm atio n  a t  th e  
site  o f fra c tu re . I n  th e  le ft 
fore-lim b, a  ra th e r  w eak  
deve lopm en t o f  th e  callus
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F ig . 9. H isto log ica l p ic tu re  o f th e  site  o f  fra c tu re  o f th e  r a b b i t ’s r ig h t lim b 
show n in F ig . 8 R . A b u n d a n t m inera lized  callus show ing irreg u la r s tru c tu re  s u r ­
ro u n d s  th e  a re a  o f th e  fra c tu re . A  few  ca rtilag in o u s  foci lie o u ts id e  th e  a rea  
o f  th e  ca llus p ro p er a t  th e  level o f  th e  bone s tu m p
F ig . 10. H isto log ica l p ic tu re  o f th e  s ite  o f  fra c tu re  o f th e  left forelim b o f the 
ra b b it  (F ig. 8 L ). T he en tire  w id th  o f  th e  frac tu re  is trav e rsed  by  a  s tra n d  o f 
[cartilag inous tissue  w ith  u n ev en  p ro jec tin g  m arg in s. M ineralized  callus o f 
ir reg u la r s t ru c tu re  on  b o th  sides o f  th e  ca rtilag in o u s  tissue. P ic tu re  o f  de layed
bone concretion
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B o n e  form ation is known to  occur in different ways. Bone m ay develop 
directly  (prim ary angiogenic bone form ation) and by preform ative ca rtila ­
ginous (enchondral) or connective tissu lar (dermal) ossification (Krom pecher 
1937, 1962). These th ree  types of bone form ation were recognized and  veri­
fied in em bryonic developm ent as well as in regeneration (O berdahlhoff 
1948, H asche-K lünder 1952, K rom pecher 1962).
The question arises why bone forms in d ifferent ways. In  the  present 
work we wish to  discuss w hether any  connection can be found between the  
w ay of bone form ation and  local m etabolic conditions. The question seems 
to  deserve an  exam ination from  various angles.
P H Y L O G E N E T IC  A SPEC TS O F B O N E  FO R M A T IO N
First we should have a look a t the phylogenesis of bone and th a t of sup­
porting tissues in general, with special regard to the possible connection 
between the general and local metabolism of the animal organism and the 
quality of the tissues developed there.
On studying  the  phylogenesis of supporting  tissues, gelatinous tissues 
w ith mucous ground substance are found in th e  low stage of developm ent. 
The higher stages of developm ent are characterized by the  gradual ap p ear­
ance of the  chorda dorsalis, chordoid and  chondroid tissue and th a t  of 
cartilage. The organism s o f prim itive anim als consist of such tissues d isp lay­
ing a prim itive m etabolic activ ity . Blood circulation, existing in higher 
anim als, is absent in such lowly creatures. Bone tissue appears in a higher 
stage of developm ent since bone form ation requires the presence of vessels. 
Bone having high m etabolic requirem ents appears only in anim als of higher 
phylogenetic developm ent. The form ation, developm ent and m aintenance 
of bone require oxybiotic m etabolism  and, consequently, the  presence of 
blood vessels. The existence of th is correlation, i.e. the interdependence of 
vessels, oxybiotic m etabolism  and bone, have been confirmed by exam i­
nations carried out in the  field of phylogenesis, ontogenesis and  regeneration.
Animals standing a t lower levels of phylogeny, i.e. the snail, medusa and 
mussel, belonging to the group of molluscs, have no bones and are very 
poorly vascularized.
A more developed vascular system  appears firs t w ith the  chordates. 
According to  Haller (1904), the  Amphioxus, though having a vascular system ,
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F ig . I. Schem e o f  phylogenesis in (he light o f  ca rb o h y d ra te  m etabo lism . Tn low er 
an im als , m ucopo lysaccharide  fo rm ation  is p red o m in an t. P roceed ing  upw ards in  th e  
phy logenetic  line it decreases in im p o rtan ce , becom ing narrow er. T erm ina l ox id a tio n  
p rev a ils  on ly  in  h igher be ings — as d e te rm ined  by  cy tochrom e oxidase a c tiv ity  -  
i.e. w here a d e q u a te  blood c ircu la tion , red  bone m arrow , lungs and  h o rm onal p re re ­
qu is ites a re  ensured . F e rm e n ta tio n  (glycolysis) h as  an  in te rm ed ia ry  role
is heartless. Neal and  R and  (1948) confirm ed this finding. Thus, no m arked 
oxybiotic m etabolism  can be present in the  chordates. The firs t anim al 
having a h eart and blood circulation is th e  fish, in which a bone-like tissue 
appears devoid, however, of in terna l blood supply and  red  bone marrow. 
In  the  group of the  am phibians, following the  fish in the  phylogenetical line, 
th e  Urodeles have no red  bone marrow, whereas in th e  A nura there is an 
ingrow th o f vessels into the  bone and  appearance of bone-form ing red 
marrow. A t th e  same tim e th ey  have lungs as well. In  this way, the  p re re ­
quisite conditions of oxybiotic m etabolism  are given.
R etu rn ing  to  the  molluscs, let us exam ine th e ir m etabolism , i.e. th e ir 
biochem ical com position from  a m etabolic viewpoint. Molluscs are  bu ilt 
up  of mucous, jelly-like tissues having a high m ucopolysaccharide co n ten t
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F ig . 2. C ytochrom e oxidase a c tiv ity  o f  low er an im als  is ex trem ely  low, being about 
1 %  o f th e  values m easured  in r a t  liver em ployed as a basis for com parison (K rorn- 
pecher, L adány i a n d  László 1966)
(K rom pecher 1964, K rom pecher e t al. 1966). A t the  same tim e, the  cytochro­
me oxidase ac tiv ity  of such tissues is very low, even scarcely dem onstrable 
(Figs 1 and  2), differing in order of m agnitude from  the  cytochrom e oxidase 
ac tiv ity  of higher anim als. The lactic acid conten t of the  molluscs is like­
wise low. Ascending on the  phylogenetic line, the  m ucopolysaccharide 
conten t of the  anim als is found to  decrease (see th e  relative param eters in 
Fig. 1) w ith th e  sim ultaneous increase of cytochrom e oxidase activ ity . 
Let us exam ine in which stage of developm ent endocrine glands appear. 
This po in t seems to  be of in terest since the  endocrine glands are known to  
have an effect on m etabolism . In  the  course of phylogenetic developm ent, 
the  hypophysis appears first, followed by  the thyroid gland. I t  should be 
m entioned th a t  the  thy ro id  gland is able to  depress th e  m ucopolysaccharide
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level (Krom pecher et al. 1961a, b, 1962) and  a t th e  sam e tim e enhances 
the  oxybiotic processes. This is also observable in fish. In  am phibians, the  
com plete adrenal gland appears consisting of cortical and m edullary elem ents 
lying in close proxim ity  to  one ano ther (Berkelbach v.d. Sprenkel 1934). 
The frog, a fte r the  tadpole stage, has such a  com plete adrenal gland (Neal 
and  R an d  1948). The presence of this adrenal gland — as it will be dem on­
s tra ted  la te r w ith  experim ents on anim als — seems to  p lay an im portan t 
role in the  increased grow th of capillaries and in th e ir penetration  into o ther 
tissues, e.g. in bone. Phylogenetically, th e  red bone m arrow in th e  frog 
appears here, too (W eidenreich 1933). Capillarization, as it is known, is a 
prerequisite condition of oxybiotic m etabolism .
Com paring higher vertebrates th an  the  am phibians w ith molluscs, con­
cerning their biology and m etabolism , it  has to  be no ted th a t the  conditions 
for an oxybiotic m etabolism  are no t given in the  molluscs since th e  adequate 
blood circulation required  for oxybiotic m etabolism  is no t ensured by the  
few capillaries present in such anim als, to  say nothing of the  lack of oxyhae- 
moglobin and of cvtochrom e oxidase ac tiv itv . B etter conditions for oxvbio- 
tic  m etabolism  begin w ith th e  am phibians. Ascending still higher up on 
the  phylogenetic line, we can see th e  gradual developm ent of a b e tte r capil­
lary  circulation w ith  th e  parallel increase of cytochrom e oxidase ac tiv ity  
which is the  essential condition of oxybiosis. A t th e  sam e tim e, th e  m ucopo­
lysaccharide con ten t decreases. Cytochrom e oxidase ac tiv ity  and  m ucopoly­
saccharide con ten t are inversely proportional to  each other. As has been 
dem onstrated  by Oláh and  Allem and and  K rom pecher et al. on some lower 
anim als, the  cytochrom e oxidase ac tiv ity  of such anim als is lower w ith an 
order of m agnitude th a n  th a t  of higher anim als (Fig. 2), displaying a t the  
same tim e a  high m ucopolysaccharide level (Krom pecher et al. 1966).
O N T O G E N E T IC  A SPEC T S O F  B O N E  FO R M A TIO N
I t  is a generally accepted rule in biology th a t ontogenesis — a t  least in 
broad outlines - repeats phylogenesis. By studying the  ontogenetic develop­
m ent of th e  bone system  we find th a t  in the  course of the  em bryonic 
developm ent of our skeletal system  several steps of phylogenesis are repeated. 
In  the developm ent of the  vertebral column the chorda dorsalis and  ca rtila ­
ginous preform ation as cartilaginous vertebral column appear in subsequent 
stages succeeded la ter by the  bony spine. In  th e  course of th e  developm ent 
of the  extrem ities we can find the scleroblastem a form ed by closely packed 
m esenchvm a bringing abou t th e  cartilage preform ation in the  axis, and the  
connective tissu lar (desmal) preform ation in the  perichondrial layer, i t  m ay, 
therefore, be s ta ted  th a t  in the  developm ent of the  skeleton, bone tissue, 
having high m etabolic requirem ents (oxybiosis), is preceded m ainly by 
cartilage tissue which has a  more prim itive m etabolism , high m ucopoly­
saccharide conten t and  m inim al cytochrom e oxidase activ ity .
In  addition to  phylogenetic and ontogenetic exam inations, it seemed to  
be instructive to  perform  com parative studies on different tissues of the 
ad u lt organism  as regards their metabolism .
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DATA ON T IS S U L A R  M ETA B O LISM
There are certain  tissues in the  organism  of higher anim als which are not 
supplied by capillaries, e.g. cartilage, cornea, etc. In  such tissues, high 
m ucopolysaccharide conten t and extrem ely low cytochrom e oxidase ac tiv ­
ity  were also dem onstrated. To discover w hat these observations m ean as 
regards carbohydrate  m etabolism , we m ust tu rn  back to  events occurring 
on the  biochemical level.
Three types of m etabolism  have been recognized in the tissues. According 
to  the  tricarboxylic acid (Szentgyörgyi—Krebs) cycle, glucose and  glycogen 
are broken down through  glucose-1 -phosphate, glucose-6-phosphate, fructose- 
-6-phosphate, fructose-1,6-diphosphate and subsequent stages, beyond 
pyruvic acid, entering the  process of term inal oxidation. This scheme is 
well known to  researchers, bu t the  finding th a t the  oxvbiotic ac tiv ity  
m entioned above is bound to  th e  presence of vessels is less known (see Fig. 3). 
U nder biological conditions, no process of oxidation can take  place in 
th e  absence of capillaries. I f  a tissue is no t supplied by  a rich capillary 
network, ensuring th e  circulation of oxygenated blood, th e  breakdow n of 
glucose and glycogen to  C 0 2 and H 20  -  bound to  high energy production 
cannot occur according to  the  scheme m entioned above. In  case of hypoxia, 
the  breakdow n can go as far as pyruvic acid and  hence, it proceeds by  fe r­
m entation  to  lactic acid, producing less energy. I f  not only hypoxia b u t a 
s ta te  of anoxia ensues in the  tissues, the  breakdow n, in its m ajority , does 
no t get to  pyruvic acid, b u t it ramifies already a t  glucose-6-phosphate or 
fructose-6-phosphate and  breaks down to  m ucopolysaccharides. The question 
o f energy production of this m etabolic process is still to  be clarified. Thus,
(a) in  euxia, th e  oxidation of glycogen occurs according to  the  Szent­
györgyi—K rebs cycle;
(b) in hypoxia, ferm entation w ith lactic acid production prevails;
(c) in severe hypoxia ( — anoxia), m ucopolysaccharides are formed.
These m etabolic processes do not, however, occur independently  of each 
o th er nor can one take  place w ithout the  other, b u t they  are generally present 
concom itantly  in the  same tissue. Still, if  th e  tissue is supplied w ith oxygen­
ated blood, oxybiosis will prevail. In case of hypoxia, ferm entation w ith lactic 
acid  will come to  the  foreground, b u t a t th e  sam e tim e a  certain  degree of 
oxybiosis is still present, and  an increasing m ucopolysaccharidic ty p e  of 
m etabolism . In  a s ta te  of anoxia, oxybiosis is absent, ferm entation decreases 
an d  mucopolysaccharide metabolism becomes predom inant (Fig. 3). This la tte r  
ty p e  of m etabolism  is thus prevalen t in  avascular tissues (Castellani and 
Z am botti 1156). As regards the  biochemical analysis of this question, I  wish 
to  refer to  the  excellent work of Z am botti and  Bolognám (see p. 5).
From  the  foregoing th e  presence or absence of capillary supply seems to  
have a decisive im portance in the  m etabolism  of tissues.
L et us com pare the  m etabolic conditions of some vascularized and avas­
cu lar tissues. The tissues having a good capillary supply, e.g. liver, skin, 
bra in  and muscle, have a low m ucopolysaccharide con ten t ranging between
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Glycogen Glucose Glycogen Glucose Glycogen Glucose
M ucopoly­
saccha ride
a
F ig . I). Schem e o f  glucose an d  glycogen breakdow n rep resen ted  in  re la tion  to  vascu la ri­
za tion . a) Good cap illa ry  sy s tem  an d  blood supp ly , h igh  cy tochrom e oxidase a c tiv ity . 
In such  s ta te s  o f  euoxia , oxyb io tic  metabolism, prevails, b) In  h yp o x ia , ferm en tative  
m etabolism  wit h p ro d u c tio n  oi lac tic  acid  is p red o m in an t, and  c) anoxia  is characterized  
by  m ucopolysaccharide  form ation
157 and  531 m g% . In  avascular tissues like cartilage, cornea, W harton ’s 
jelly or vitreous body, the  m ucopolysaccharide conten t is very high: 1000 to  
3000 mg%. These findings are concordant w ith our phylogenetic observations, 
according to  which avascular tissues have very  high m ucopolysaccharide 
content. On the  o ther hand, in the  same tissues (cartilage, cornea, W harton ’s 
jelly, vitreous body), th e  cytochrom e oxidase ac tiv ity  was very low, som e­
tim es even undem onstrable, precisely as it was found in avascular tissues 
o f anim als a t lower stages of phylogenetic developm ent, nam ely: high 
m ucopolysaccharide conten t and  very  low cytochrom e oxidase activ ity .
In  addition to  phylogenetic, ontogenetic and  biological exam inations, 
we wish to  discuss th e  correlation between the ex ten t of capillarization 
(euxia, hypoxia, anoxia) and tissular m etabolism  (oxvbiosis, glycolysis, 
m ucopolysaccharide metabolism ) on the  basis of experim ents on regenera­
tion and neodifferentiation carried ou t on an experim ental model. Sem i­
arth ro p lasty  was perform ed on the  knee-joint of dogs. The cartilaginous 
surface of the  d istal p a r t of th e  fem ur was com pletely rem oved and, subse­
quently , a new articu la r surface was formed (K rom pecher 1953, 1958a 
and  see p. 383 as well as Fig. 7 on p. 288). The granulation tissue origina­
ting  from  the  spongious bone gradually  covered the  new articu la r surface. 
From  the fifth  postoperative day  adequate trea tm en t was perform ed by  mo­
ving the  newly formed joints. By th is procedure an  increasing pressure
E X  PEI UM EX T A E I )ATA
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stress was exerted  on the  g ranulation tissue, in which the flexor and  extensor 
muscles were more and m ore involved (Krom pecher 1953, 1958a, H adházy  
an d  Oláh 1958, H adházy e t al. 1959, 1961, 1962, H adházy  and Perjés 
1962, Oláh et al. 1959, 1961, 1965, Oláh and  H adházy 1962, K rom pe­
cher and Tóth 1964, 1965).
As it was dem onstrated  in this experim ent, the  capillaries of th e  g ran u la­
tion  tissue became gradually  occluded as a result of compression forces 
(the in itial 6% of the  te rrito ry  occupied by capillaries dim inished to  1-3% 
in 70 days, then  it fell to  0). The haemoglobin content of the regenerating 
articu lar surface — expressed in Fe + + +/g tissue decreased from  40-7 to  
13-1 y, th en  to  nil. Consequently, parallel to  capillary pauperization, oxy- 
biotic m etabolism  was replaced by anaerobic glycolytic m etabolism . This 
m etabolic sh ift was verified by  a considerable increase in lactic acid 
production and content observed in the  period between the  20th 
and  23rd days (H adházy and Oláh 1958, H adházy  et al. 1962, H ad ­
házy and  Perjés 1962, Oláh et al. 195), 1961, 1985, Oláh and H ad­
házy 1962). W hen the  granulation tissue displays com plete vascular pauperiz­
ation, m arked increase of m ucopolysaccharides occur in th e  tissue and  
th e  granulation tissue differentiates to  cartilage. A t sites where the  in ju red  
bone trabeculae are surrounded by  granulation tissue rich  in capillaries, and 
functional stim uli are ensured, d irect angiogenic bone building is continued. 
However, a t sites where, owing to  the  effect of compression, the  vessels 
become compressed, a subsequent s ta te  of hypoxia ensues. Consequently, 
local m etabolism  undergoes a sh ift in the direction of m ucopolysaccharide 
ty p e  of m etabolism , and corresponding to  it an avascular tissue having a 
a m ucopolysaccharidic m etabolism , namely, cartilage tissue is formed. 
This process has been reproduced and followed step  by step in more th a n  500 
cases in experim ents on dogs, carried ou t w ith m y co-workers and  using 
a  g reat varie ty  of m ethods (H adházy e t al. 1963). The discussion on the  
effect of pressure stresses resulting in form ation of cartilaginous callus 
(Krom pecher 1937, 1953) was unequivocally settled  by  the experim ental 
results of Yamagishi and Y oshim ura (1955) obtained on 250 rabbits. Concern­
ing the  biophysical dem onstration of vascular compression, reference is 
m ade to  th e  work of K rom pecher and  T óth  (1964, 1965).
In  a series of experim ents in progress we have m ade a ttem p ts
1. to  accelerate the  ra te  of capillary reduction;
2. to  m aintain  a s ta te  of adequate vascular supply;
3. to  increase vascularization in granulation tissue.
According to  these experim ents, in case of good vascularization m aintained 
or increased by acetylcholine adm inistration  (see p. 361) no cartilage d if­
ferentiation occurs, while decreased vascular supply, due to  noradrenaline 
adm inistration, brings about an early cartilage form ation or the  appearance 
o f a brady troph ic tissue sim ilar to  it (Kostenszky 1964).
Of the  results of our investigations concerning th e  experim ental form ation 
of a rticu lar cartilage, let us tu rn  our a tten tio n  to  the  consistent finding 
th a t  a fte r some weeks, parallel to  vascular pauperization, a decrease
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in lactic acid production and content and, simultaneously, an abrupt rise 
in the mucopolysaccharide (hexosamine) content of the tissue were noted.
D uring the  process of cartilage differentiation, the  granu lation  tissue 
exhibits th ree characteristic stages (maxima):
1. Richly vascularized tissue displaying numerous cross-sections of ves­
sels having a high haemoglobin content (conditions of oxybiosis);
2. Fibrous tissue with few capillary cross-sections, low haemoglobin 
content bu t high lactic acid content (characteristics of glycolysis);
3. Cartilage tissue w ith m inim al num ber of capillary cross-sections, very 
low haemoglobin content, considerable decrease of lactic acid content 
showing a t the  sam e tim e a high m ucopolysaccharide content; in the  
given case: chondroitin  sulphate (characteristics of m ucopolysaccharide 
metabolism ). F or a detailed  description see H adházv e t al. (1963) and 
p. 75 in th is  volume.
Thus, by the experimental reduction of the vascular supply, we have 
been able to change the local metabolic circumstances. Under these changed 
conditions, undifferentiated cells may differentiate to a tissue corresponding 
to the given primitive metabolic possibilites (in this case to cartilage), 
i.e. to a tissue which is devoid of capillaries and haemoglobin, which has a 
minimal cytochrome oxidase activity or none a t all, its lactic acid produc­
tion and content is likewise low, while its mucopolysaccharide content, meas­
ured in hexosamine, is very high.
*
The question arose w hether th is sh ift to  m ucopolysaccharide type of 
m etabolism  does require a period of several weeks, and  w hether the  in te r­
m ediate stage of glycolysis between the  stages of oxybiosis and m ucopoly­
saccharide m etabolism  is indispensable in this shifting  process. A nother 
question was w hether th is m etabolic sh ift m ay be observed in o ther tissues as 
well.
Experim ents were conducted on guinea-pigs and  ra ts, in which the  back 
skin of the  anim als (an area abou t 25 cm-) was subjected to  freezing w ith 
d ry  ice. W hile prior to  freezing the  tissues of the cutis were richly supplied 
by  capillaries, freezing w ith d ry  ice applied for two m inutes resulted  in 
destruction  of the  capillary network as evidenced b y  m orphological exam i­
nations perform ed 30 m inutes later. Bv histochem ical exam inations it was 
dem onstrated  th a t  even 30 m inutes a fte r freezing m ucopolysaccharides 
appear in the  frozen skin of th e  guinea-pigs, which were fairly dem onstrable, 
especially on th e  th ird  and fifth  day a fte r intervention. A t the  same tim e, 
the biochemical exam ination of the frozen skin piece disclosed th a t  a fte r 
30 m inutes the  conten t of hexosamine increased by about 15% and  a fte r 
th ree  and  five days this increase am ounted to  30 to  40% . A fter th is da te  
the  hexosam ine conten t was found to  dim inish slowly parallel w ith the  
healing of the  frozen skin. A t th e  same tim e, lactic acid was found to  d im in­
ish by  abou t 10% in th e  first 30 m inutes and by  abou t 30% afte r 3 to  5
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days. A fter this date  th e  lactic acid content was likewise found to  re tu rn  
slowly to  the  original value (László 1966).
Thus, by  these exam inations it was dem onstrated  th a t  m etabolism  m ay 
sh ift w ithin a short tim e in  o ther tissues, too, e.g. m oderately frozen skin 
tissue did not die b u t its form er predom inantly  oxybiotic m etabolism  chang­
ed to  a m uch more prim itive m ucopolysaccharide type of m etabolism , 
passing over the  m etabolic phase of glycolysis. By com paring the  curve 
representing th e  m etabolic changes of the  frozen skin w ith th a t  of cartilage 
form ation, rem arkable sim ilarities m ay be observed: capillary occlusion 
— occurring in cartilage form ation a fte r abou t 33 days and in  case of freez­
ing shortly  a fte r in ju ry —brings abou t in bo th  tissues a steep 
increase of hexosam ine conten t and  a sim ultaneous steep decrease of 
lactic acid content. I t  m ay be added th a t  a fte r healing of the  fro ­
zen skin, parallel to  re-grow th of capillaries, the curves—showing a 
reversed im age—re tu rn  to  their form er norm al level.
This investigation has added support to  our earlier s ta tem en t th a t  if 
local hypoxia or anoxia ensues in th e  tissue, w ithout the  im m ediate destruc­
tion  of th e  whole tissue, th e  metabolism of the tissue m ay shift from  its for­
m erly predom inant oxybiosis to  m ucopolysaccharide ty p e  of m etabolism . 
The la tte r  m etabolism  is characterized, as m entioned before, by  the  absence 
of capillaries and haemoglobin, m inim al or no cytochrom e oxidase ac tiv ity  
(i.e. deficient oxybiosis), as well as by  a considerable decrease in the  locally 
produced lactic acid, showing a t th e  same tim e a m arked increase in 
local m ucopolysaccharide production and content. These d a ta  indicate 
th a t  if capillaries are absent, glucose and  glycogen are shortly  broken 
down to  m ucopolysaccharides (see Fig. 3). Sim ultaneously, ferm entative 
m etabolism  (glycolysis) becomes inhibited  and  oxybiosis is reduced to  
minim um .
This s ta tem en t has been su b stan tia ted  by  phylogenetic and  ontogenetic 
findings as m entioned previously, com parative exam inations on vascularized 
and  non-vascularized tissues, and by extensive experim ental series on the 
neodifferentiation of cartilage, as well as by m etabolic sh ift observed in the 
course of experim ents on frozen skin.
PA TH O L O G IC A L  R E F E R E N C E S
The sta tem en t th a t  the  m etabolism  of a tissue in  situ  is dependent on 
its vascular supply, has been confirm ed under various pathological condi­
tions, nam ely, in C3H  mouse cancer (Krom pecher and  Berencsi 1960) 
in tuberculosis (Berencsi 1961, K rom pecher 1960, 1964), in varicose ulcer 
(K rom pecher and  Szodoray 1964), in rheum atism  (Krom pecher 1960), in 
silicosis (Kardos et al. 1961), in therm al injuries (Berencsi and K rom pecher 
1963, László 1966), as well as in experim ents on tissue strangulation  (Schmidt 
e t al. 1963). These results indicate th a t  a sim ilar m echanism works under all 
these circum stances.
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G E N E R A L  B IO L O G IC A L  C O NC LU SIO NS
Concordant phylogenetic and ontogenetic data, as well as consistent 
findings obtained under biological, regenerative and pathological circum­
stances indicate th a t tissue metabolism — depending on vascularization — 
follows a general biological rule:
(a) in euxia (i.e. good capillary supply) oxybiosis is predom inant;
(b) in hypoxia (reduced capillarization) anaerobic glycolytic m etabolism  
prevails;
(c) in anoxia (absence of capillaries) m ucopolysaccharide ty p e  of m eta­
bolism sets in, pi’ovided the  local in jury  is no t so severe as to  involve 
the  im m ediate destruction  of th e  whole tissue.
I t  has been recognized th a t  there are tissues requiring good vascular 
supply, while others, the  so-called bradv troph ic tissues, do no t require any 
vascularization.
I t  has also been concluded th a t  by changing the  degree of vascularization 
of a tissue, its m etabolism  could be modified, which m odification th en  leads 
to  transform ation  of the  s tru c tu re  of the  tissue. Tissues in a stage of regener­
ation (i.e. in a plastic state) were found to  be particu la rly  suitable for such 
experim ents.
M ETA BO LIC C O N D IT IO N S IN  R E G E N E R A T IV E  B O N E  D E V E L O PM E N T
Let us examine whether and to what extent the biological rules mentioned 
above, can be applied to bone, in particular to regenerating bone.
I t  shoidd be borne in m ind th a t under norm al circum stances bone is in a 
constan t slow reconstruction. There are layers of reserve cells on all bone 
surfaces, m ost m arkedly in the  cancellous bone tissue. The periosteum  is 
likewise provided w ith reserve cells. The presence of a capillary netw ork is 
indispensable for bone.
U nder regenerative conditions, th e  vascular supply  of bone m ay be good, 
mediocre or even insufficient. In  fractures of spongious bone good vasculariz­
ation often persists in areas bordering the  broken bone ends. The surfaces 
of th e  fractured  spongious bone frequently  become ad justed  and  th e  frac­
tu red  ends rem ain fixed to  each other. In  such cases the  fractu re  line is not 
exposed to  mechanical stress and so th e  vessels can grow into the  relatively 
narrow  gap between th e  ends anastom osing there, and p rim ary  angiogenic 
bone form ation starts .
The newly formed bone trabeculae become anchored by appositional 
grow th in bo th  fractu red  bone fragm ents, connecting the fractured  ends 
by a trabecu lar la ttice (Fig. 4). The close connection between the  newly 
form ed bone and  vessels is readily  recognized in p ictures dem onstrating 
prim ary  angiogenic callus form ation in cancellous bone (Fig. 5). Wide, 
sinuosoid capillaries (with a d iam eter of abou t 8 to  10 red blood cells one 
beside the  other), perivascular tissue, osteoblasts and form ation of bone 
trabeculae m ark  the  process of angiogenic bone developm ent. Soon the  
p rim ary  reticulum  of th e  red bone m arrow  develops from the  perivascular
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F ig . 4. In  healing  
o f frac tu res  o f spon - 
gious bone, good 
vascu la r supp ly  
an d , consequen tly , 
p rim a ry  angiogenic 
callus fo rm ation  
occurs
F ig . 5. P ic tu re  r e ­
presenting a  p o rtio n  
of a  p rim a ry  an g io ­
genic callus. Bone 
1 rabecu lae are  
form ed a ro u n d  th e  
vessels
tissue, followed by the  form ation of haem atopoietic red bone m arrow . T heir 
new form ation is clearly shown by th e  topography and staining of the  bone 
trabeculae (Fig. 5), and from  th e  tim e elapsed between th e  d a te  of fractu re  
and  th a t  of histological elaboration conclusions m ay be draw n regarding 
the  rap id  ra te  of th e ir ossification. The newly form ed bone trabeculae 
can be unequivocally distinguished from  the  old ones even a t the  sites 
where new trabeculae have formed by  appositional grow th on th e  old ones. 
On the m argins of the  bone trabeculae, osteoblasts are present som etim es 
scattered, sometimes in close proxim ity  to  each other.
B y the  correlation of th e  developing bone to  rich capillarization, the 
conditions of oxybiotic m etabolism  are ensured. In  o ther words, where 
there  is a good capillary supply between tw o fractu red  bone surfaces, 
prim ary angiogenic bone formation  occurs w ithout preform ation of cartilage
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or connective tissue. As regards causal investigations on bone developm ent, 
i t  should be borne in m ind th a t  in these experim ents —supposing a healthy 
organism  —we have to  deal w ith a process tak ing  place between broken 
bone surfaces and not w ith a process occurring a t any other site of the  organ­
ism where there is no bone in the vicinity.
As it  will be described later, d irect bone form ation does not take place in 
all cases b u t only where local blood supply is undisturbedly  ensured between 
th e  fractu red  bone surfaces.
In  fractures of compact bone the situation  is quite d ifferent w hether th e  
blood supply of the  broken bone ends, or w hether the  vascularization of the 
in terfragm ental space is concerned. As a result of the  injured capillaries of 
the  H aversian system s, th e  m etabolism  of bone areas in the  vicinity  c f  the  
frac tu re  becomes seriously d isturbed causing necrosis of varied ex ten t in 
these territories. In  con trast to  the good blood supply of th e  cancellous 
bone, the  com pact lam ellar bone and  the  H aversian system s them selves 
have a poor vascular supply. The in terfragm entary  space is thus, — a t least 
for a tim e — devoid of any notew orthy blood supply coming from the  com pact 
bone surfaces. A new blood supply can develop partly , from  th e  periosteum  
and  p artly  from  th e  m edullary cavity . We shall now exam ine w hether or 
not the  prerequisites of the  form ation of a  capillary netw ork are given in 
the  in terfragm entary  space, and  if such conditions are absent which are the  
causes and results of th e ir absence.
H E A L IN G  OF F R A C T U R E S  OF COMPACT B O N E  IN C A S E  OF 
C O M P R E S S IO N  T R E A T M E N T
The broken com pact bone fragm ents, w hether by synergistic ac tiv ity  o f 
the  flexor-extensor muscles or by some loading of the  limb, collide and are 
pressed to  each o ther so m uch th a t  the vessels a t  the  site of fractu re  become 
com pressed or even torn . The to rn  vessels bleed into, and about, the  fractu re  
area and th is results in a blood clot filling uji the  narrow  gap between the  
fragm ents, and  serves as a n u trien t medium for the  granulation  tissue 
developing there. The granulation tissue cells creep into th e  gap between 
th e  fragm ents, th ey  m ultip ly  there and  bring abou t the  callus connecting 
th e  fractu red  ends. The fu rth e r d ifferentiation of these granulation tissue 
cells is highly dependent on m etabolic conditions present there. In  the  a b ­
sence of vessels, the  nu tritio n  and oxygen supply of the  granulation tissue 
decrease so m uch th a t  the  cells become incapable of oxvbiotic metabolism . 
The ra te  of glycolysis dim inishes as well. The existence of th e  cells is, how­
ever, ensured even under such adverse circum stances by a mucopolysaccha- 
ride-tvpe of m etabolism . In th is environm ent the  cells of the  granulation 
tissue, while producing cartilage ground substance w ith a high m ucopoly­
saccharide content, d ifferentiate to  chondrocytes. The prom inent feature of 
the  cartilaginous callus form ed under such circum stances is avascularitv  
(Fig. 6). The cartilaginous callus formed in such a milieu has certain  valuable 
properties, nam ely, it provides a firm  connection between th e  broken frag ­
m ents and it can support loading (compression). On the  periosteal m argins 
-  due to  the  presence of certain  wobbling m ovem ents — the cartilaginous 
callus is delim ited by a layer of fibrous connective tissue, by  which th e
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F i g . 6. Cartilaginous callus formed between the fractured bone ends as a result 
of postoperative treatm ent (compression)
tensile streng th  between the  fractu re ends is also ensured. Nevertheless, 
the  m ost valuable feature of the cartilaginous callus is its capacity  of joining 
th e  broken fragm ents firm ly, by which capillary ingrow th and  resu ltan t 
cartilage resorption and  sim ultaneous building of new spongious bone can 
take  place. The form ation of new cancellous bone occurs in a sim ilar way as 
in enchondral ossification, i.e. advancing from  the  m etaphysis tow ards 
th e  epiphyseal cartilage. B ut while in enchondral bone form ation the  ep iphy­
seal cartilage ossifies only on th e  m etaphyseal side, and  the  cartilage disk 
grows on the  epiphyseal side, in  the  form ation of cartilaginous callus the  
replacem ent of the cartilaginous p late by bone occurs from  both  sides. 
The cause of th is difference is no t yet known.
A lthough the  cartilaginous callus is devoid of vessels, it  can give place, 
in a few weeks or m onths, to  capillaries invading from  the  broken fragm ents. 
Subsequently, the  cartilaginous callus becomes resorbed and  replaced by 
cancellous bone rich in capillaries. Thus, the  transien t cartilaginous callus 
having a hypoxic m etabolism  is replaced by cancellous bone having an 
euoxic m etabolism .
H E A L I N G  OF  F H A C U E 8 8  O Í  C O M P A C T  B O N E  I N  C A S  E O F 
T R A C T I O N  T R E A T M E N T
I f  trac tion  is applied on fractu red  bone ends, a large gap arises between 
th e  fragm ents which will soon be filled up w ith blood originating from the
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Fig . 7. Connective tissue callus formed between the fractured bone ends as a result, 
of postoperative treatm ent (traction)
ru p tu red  vessels forming a blood clot of a considerable size. N ext, the  blood 
clot becomes organized and  granulation tissue cells followed by vessels 
penetra te  in to  it. Prolonged trac tion  determ ines the  shape and d i­
rection of th e  d ifferentiation of th e  g ranu la tion  tissue cells. The cells 
become spindle-shaped. In  th is way, as a result of trac tion , a desm al callus 
develops corresponding to  the  tension forces acting there (Fig. 7). In  th is 
tissue exposed to  tension there are b u t few vessels.
By com paring th e  vascularization of the  desmal (connective tissue), 
prim ary angiogenic and  enchondral (cartilaginous) calluses, it  can be s ta ted  
th a t  while enchondral callus is devoid of capillaries and  the  p rim ary  angio­
genic callus is richly supplied with wide sinusoid vessels, the  vascularization 
of th e  desm al callus is ra th e r poor, blood being scantily  provided by  a few, 
narrow  vessels present am ong the stiff bundles of collagen fibres. The capil­
lary netw ork of desm allv formed bone is generally poor, especially com pared 
w ith th a t  of p rim ary  angiogenic bone.
In  the  course of developm ent of desm al callus, no t all the  cells of th e  
granulation tissue take  p a r t in the  form ation of collagen fibres, b u t a p a r t 
of them  will transform  to  osteoblasts producing bone. The collagen fibres 
of th e  callus consisting of preform ed connective tissue will be bu ilt in the  
newly formed bone. Tn th is way, the  new bone will contain, besides cyto-oste-
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ons, large am ounts of preform ative connective tissue and a m odest capillary 
netw ork. According to  experience, th is type of bone is far from  being perm a­
nent, its  duration  being ra th e r lim ited, since the  trac tion  trea tm en t applied 
in the  firs t period a fte r fractu re  is stopped a fte r a few weeks and  thenceforth 
th is callus will be subjected  chiefly to  pressure stresses. Corresponding to  
th e  new m echanical dem and, the  bony callus undergoes a re-organization 
regarding both  its s tru c tu re  and vascularization to  m eet the  requirem ents 
o f the  new situation.
Pseudarthrosis, i.e. fibrocartilaginous callus (Krom pecher 1956, Yama- 
gishi and  Yoshim ura 1955) develops from  the  desm al callus as follows: 
owing to  torsion of th e  collagen fibre bundles, the  vessels become occluded 
and, consequently, the  reserve cells, corresponding to  the  new m etabolic 
( =  severely hypoxic) environm ent, do not d ifferentiate to  osteoblasts b u t 
produce cartilage ground substance. In  this way, the  desm al callus tra n s ­
forms to  fibrocartilaginous callus. P seudarthrosis built up of fibrocartilage 
—since no capillary ingrow th occurs norm ally in fibrocartilage—has no 
inclination to  healing. This problem  has been extensively discussed by 
Y oshim ura and Yamagishi a t this Symposium.
HEALING OF FRACTURES OF COMPACT BONE BY STABLE
OSTEOSYNTHESIS
In  fractures of com pact bone, d irect bone union (i.e. by p rim ary  angio­
genic callus) has been successfully achieved by  stable osteosynthesis (Wille- 
negger e t al. 1962) w ithout the  in term ediary  stages of enchondral or desmal 
union of fragm ents. These experim ental investigations and  clinical results 
of W illenegger e t al. (1962) are im portan t bo th  theoretically  and  clinically. 
Concerning earlier experim ental work in this field, reference should be m ade 
to  the  work of M atzen (1954), notably , to  Figs 2 and  3 of his work. In  this 
respect, the  question of the  breaking streng th  of calluses formed by p rim ary  
fractu re healing is raised.
Thus it m ay be concluded th a t  if p rim ary  angiogenic callus is formed 
which is usually the  case in fractures of cancellous bo n e- - oxvbiotic 
m etabolism , due to  good vascular supply, is continuously ensured.
In  case of enchondral callus, th e  m etabolism  of the  tissues decreases on 
account of the  poor vascularization existing between the  broken fragm ents 
pressing against each o ther to  the  level of m ucopolysaccharide-type m eta ­
bolism. This is the form of existence of cartilage rich in chondroitin  sulphate. 
This m etabolic s ta te  is, however, tem porary , since a fte r full developm ent 
of the  cartilaginous callus, its resorption will soon begin by vessels invading 
from  bo th  frac tu red  ends, and th is cartilaginous callus having a jirim itive 
m etabolism  will be replaced in a few weeks by richly vascularized cancellous 
bone having an oxybiotic m etabolism .
Desmal callus is re la tively  poor in vessels, consequently, its  m etabolic 
conditions are also poor in com parison w ith those of p rim ary  angiogenic 
callus and  its organization is delayed.
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EXPERIMENTS ON BONE INDUCTION WITH SPECIAL 
REGARD TO THE ROLE OF VASCULARIZATION
As it has been shown in the  foregoing, oxvbiotic m etabolism  is dependent 
on the  vascular supply of th e  tissues. This finding has been su b stan tia ted  by 
phylogenetic d a ta  and experim ents on chondrogenesis. We have seen th a t 
as a  result of vascular pauperization the  local tissue m etabolism  undergoes an 
ad ap ta tiv e  sh ift from  the  form er high oxvbiotic m etabolism  to  a  more 
prim itive ty p e  of m etabolism  characterized by high m ucopolysaccharide 
content. This sh ift of m etabolism  (H adházy e t al. 1963) which has been 
repeatedly  reproduced experim entally , proved to  have a regressive character, 
namely, a higher form of m etabolism —as a result of our in tervention has 
shifted  to  a  prim itive form of m etabolic activ ity . The question arose whether 
we are able to  induce the  organism  to  tran sfo rm a tissue having a low m etab ­
olism to  a tissue with higher m etabolic activ ity .
S tarting  from  our finding th a t good vascular supply is essential for oxy- 
biotic m etabolism , it was obvious th a t  th e  condition sine qua non of the  
transform ation  of the  m etabolism  of a tissue is w hether we can induce 
capillary ingrow th in th a t  tissue. M any a ttem p ts  have been m ade to  induce 
the  vessels of a living organism  to  grow into an avascular tissue. As it  is 
known, the  vessels stop on th e  border of the  articu la r cartilage, cornea, etc. 
and  do not pene tra te  into these tissues even in a lifetime. Still, the  problem  
did no t appear to  be altogether hopeless, since in enchondral ossification the 
vessels are able to  penetra te  continuously into the  epiphyseal cartilage, and 
capillaries have been dem onstrated  to  grow into the  cornea as well under 
certain  pathological circum stances.
I t  seemed thus, reasonable to  stu d y  the  possibility of developing a repro­
ducible m ethod by  which capillary ingrow th can be achieved.
A fter several years of unsuccessful experim entation, finallv we succeeded 
in obtaining positive results (Krom pecher and Kiss 1961, Kiss and Krom - 
pecher 1962).
The experim ents were perform ed on pieces of hum an um bilical cord. 
As it  is known, the  um bilical cord (W h a rto n ’s jelly) has no vascular supply, 
it consists of prim itive mucous tissue, high in m ucopolysaccharide content 
(1750 m g% ). Pieces of um bilical cord were explan ted  to  chorioallantoic 
m em brane of hen eggs incubated previously for 9 to  10 days.
Wdiile in cases of liver or blood clot explants the  chorioallantoic vessels 
soon grew around the  g ra ft and penetra ted  in to  it, in cases of um bilical 
cord explants th e  vessels, though  growing round th e  graft, never p ene tra ted  
into them . Similarly, the  vessels were unable to  grow in to  cartilage explants.
A fter several years of experim entation, of th e  num erous substances tested  
by K rom pecher and Kiss (1961) th e  saline ex trac t of com plete adrenal 
hom ogenates proved to  be m ost effective in stim ulating vascularization. 
I f  a piece of W h arto n ’s jelly or cartilage had been p re trea ted  w ith adrenal 
ex trac t (Krom pecher and  Kiss 1961), p rior to  exp lan ta tion  to  chorioallan­
toic m em brane, the  capillaries of th e  chorioallantoic m em brane consistently 
grew into the  graft. The ex ten t of capillary ingrow th corresponded to  the  
norm al ra te  of vascularization, the  p lanim etricallv  determ ined percentage
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F ig. 8. Following injection of complete adrenal extract into the costal cartilage of 
the dog, capillary ingrowth and formation of perivascular bone tubules are noted
(Kiss 1964)
ra tio  of th e  capillary cross-sections being abou t 4%  com pared w ith the  
surface of the  whole explant.
This experim ental m ateria l was, however, no t appropriate  for the  s tu d y  
of tissu lar m etabolic changes since, on account of the  m atu ra tion  o f the  
incubated  eggs, i.e. the  hatching of chickens, th e  follow-up exam ination of 
these series of biological experim ents was impossible.
The question arose w hether or not, on the  analogy of the  explan ted  um bil­
ical cord or cartilage, i t  is possible to  induce capillary ingrow th in the  
living organism .
E xperim ents were conducted on dogs by punctu ring  abou t 20 holes with 
a sharp dental probe in th e  fourth , fifth  and six th  costal cartilage of dogs 
(under e ther anaesthesia). Physiological saline was in jected  into the  holes 
of th e  fourth  costal cartilage, and  adrenal ex trac t in to  the  fifth  and  six th  
ones. The corresponding portions of the  hetero latera l cartilages served as 
controls. The dogs were sacrificed a fte r d ifferent intervals following in terven ­
tion. No capillary ingrow th occurred in th e  costal cartilage in  which physiolog­
ical saline was in jected  or were left em pty. On th e  contrary, gross ana tom ­
ical and  histological exam inations disclosed th a t  from the  perichondrium  
capillaries had grown in to  th e  holes of costal cartilages in  which adrenal
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Fig. 9. On injecting adrenal extract into the intervertebral cartilage disk of the dog, 
capillary ingrowth occurs in the early stage (Krompecher and Kiss 1963)
ex tra c t was injected. Of special in terest as regards this repo rt was th e  obser­
vation  th a t  the capillaries grown into the holes of the costal cartilage were sur­
rounded by bony tubules (Fig. 8). The difference betw een th e  controls and  the 
costal cartilage in which adrenal ex trac t was injected, resulting in ingrow th 
of vessels and  bone form ation, was evidenced radiographically  as well 
(Kiss 1964).
Tne finding th a t  if  adrenal ex trac t was injected in to  th e  costal cartilage, 
capillary ingrow th and  resu ltan t osteogenesis were consistently  noted, 
p rom pted  us to  exam ine w hether or no t th is process can take  jilace in sim ilar 
tissues localized elsewhere in  the  organism . E xperim ents were perform ed by 
in jecting com plete adrenal ex trac t in to  th e  in tervertebra l cartilage of dogs 
th rough  a canal bored in th e  vertebral body reaching th e  in terverteb ra l disk 
(Krom pecher and  K iss 1961, 1963). Two m onths a fte r a single injection of 
adrenal ex trac t, bone condensation and  vascular ingrow th were no ted  on 
th e  m argins of th e  vertebral body (Fig. 9), and six m onths later, th e  cartilage 
disk was interw oven w ith vessels and  the  form er fibrous cartilage was 
replaced by  cancellous bone. This richly vascularized young bone connec­
ting  the  neighbouring vertebrae was fairly  dem onstrable rad iographi­
cally, anatom ically  (Fig. 10), m icroscopically (Fig. 11) and  in its  develop­
m ent (Fig. 12).
2 9 2
F ig. 10. Injecting adrenal 
extract into the interver­
tebral disk of the dog, 
ingrowth of vessels and 
subsequent bony unifica­
tion of the neighbouring 
vertebrae are demonstrat­
ed. Gross anatomical spe­
cimen (Krompecher and 
Kiss 1963)
F ig. 11. Six
month after in ­
jection of adre­
nal extract in 
the interver­
tebral cartilage 
disk of the dog, 
spongious bone 
has replaced the 
cartilage disk 
(middle part of 
picture). The 
newly formed 
bone contains 
haematopoietic 
red bone marrow 
(Krompecher 
and Kiss 1963)
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Fig. 12. Six months after injection of adrenal extract, bony unification of (ho neigh­
bouring vertebrae. A remainder of the cartilage disk (lower middle part of picture) 
is still visible. Vessels are advancing from both sides and bone formation is in progress
(K rom pecher a n d  K iss 1963)
From  th is series of experim ents the  following conclusions can be draw n 
w ith regard  to  bone form ation, vascularization and  m etabolism : a t  sites 
where a vessel grows in to  cartilage destroying it, bone is formed. The 
sam e was observed in ontogenesis, e.g. in enchondral bone form ation and  
th e  same resu lt was ob tained  in experim ents on ad u lt anim als, i.e. if we 
succeeded in inducing capillary ingrow th in cartilage bone form ation was 
obtained.
B y th e  ingrow th of vessels into cartilage, the  conditions of oxybiotic 
m etabolism  are ensured and, consequently, the cartilage having a prim itive 
m ucopolysaccharide m etabolism , will be replaced by  bone tissue w ith an 
oxybiotic m etabolism . In  the  lacunae of th is newly form ed bone, haem ato- 
poiesis will soon s ta rt. This sh ift of m etabolism  and  change of s tru c tu re  has a 
progressive character, i.e. here a lower form of m etabolism  has sh ifted —as a 
resu lt of our in te rv en tio n —to  a higher form of m etabolic ac tiv ity . Thus, 
under adequate experim ental circum stances we have been able to  influence 
tissular s tru c tu re  and  m etabolism  no t only in a regressive, b u t also in a 
progressive direction.
The ingrow th of vessels, change of local tissue m etabolism  and  appearance 
o f new bone tissue are evidences of th e  inseparable un ity  of form  and function
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in  life. The change of form, has an effect on f  unction, and function in  its turn  
affects the development of form. Form and function are thus in  a constant 
interaction.
As it has been described, we have succeeded in obtaining tissu lar d ifferen ti­
ation by local adm inistration  of adrenal ex tract. Previously we have already 
pointed ou t th e  im portance of th e  adrenal glands in phylogenesis; the  ap p ear­
ance of the  red  bone marrow, pu lm onary respiration, cortical grey m atter, 
i.e. tissues or processes requiring oxybiotic m etabolism  are all connected 
w ith th e  appearance of th e  suprarenal glands.
The results of the  experim ents, described above, in which bone has form ed 
as a  result of adrenal ex trac t adm inistration , are in agreem ent w ith  th e  
re levant phylogenetic data .
EXPERIMENTAL RESULTS ON TH K STIMULATION 
OF BONE REGENERATION
The question w hether or no t bone regeneration can be stim u lated  has 
been widely discussed in the  lite ratu re .
As has been dem onstrated , vascularization has an  essential role in bone 
form ation. Of the num erous conditions and causes of ossification th e  role 
of bone salts deposited in the  bone ground substance is emphasized.
We shall now discuss w hether or no t we are able to  stim ulate  bone form a­
tion by adm inistration  of adequate bone salts.
I t  has been previously reported  th a t  peroral adm inistration  of pulverized 
egg-shell is effective in th e  prophylaxis and healing of rickets by  s tren g th en ­
ing bone and  stim ulating, th rough  the  m edication of th e  vascular system , 
th e  haem atopoietic ac tiv ity  of the  red bone m arrow  (osteohaem atopoietic 
en tity ) (Krom pecher 1957). I t has been dem onstrated  th a t  egg-shell consists 
of th e  sam e com ponents and  trace  elem ents as bone, i.e. Al, Ag, 13a, C, Ca, 
Cd, Cl, Co, Cu, F, Fe, Mg, Mn, Mo, La, Na, Ni, P, Pb, S, Si, Sn, Sr, Ti, V, 
and  Zn. In  addition, egg-shell contains V itam in D 3 which is known to  be 
im portan t in  bone building, calcium soluble in lipids, citric acid and 
ooporphyrin (K rom pecher 1958b).
In  their experim ents on ra ts, Lelkes and  Mészáros (1960) found a more 
rap id  frac tu re  healing and a b e tte r  callus if  powdered egg-shell was perorally  
adm inistered to  th e  ra ts. As a result of these findings, Tarsoly (1963) 
carried ou t investigations on the  effect of local adm inistration  of pulverized 
egg-shell in case of bone defects in  dogs. A m ixture of egg-shell and  p laster 
( 1 : 1 )  was prepared. S treptom ycin and  penicillin were added as well as 
physiological saline to  m ake the  m ix ture more plastic. Two cavities (10 to  15 
mm dia) were chiselled in the  tib ia  of dogs, and  one of them  was filled in 
w ith a m ix tu re of egg-shell and  p laster and th e  o ther one was left em pty  
for control. As i t  is dem onstrated  on a 14-day old specimen, th e  m ass of 
egg-shell and  p laster has been broken down by  g ian t cells of the  granulation  
tissue in which wide capillaries are found. A t th e  sam e tim e, osteoblasts 
are a t  work in  a neighbouring area, building bone on ano ther surface of 
th e  islet of egg-shell and  p laster m ix ture still p resent in  a considerable
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Fig. 13. Cavities bored in the tibia of the dog, filled in with a mixture of egg-shell 
and plaster. Invading vessels are rapidly destroying the mass of egg-shell and plaster. 
Simultaneously, abundant bone formation has started around the vessels, partly 
built on the filling m aterial (Tarsoly 1963)
am ount (Fig. 13). E ven  in  case of larger defects (more th an  20 m m  dia) 14 
days following operation, the  cavities were found to  be entirely  occupied by 
newly form ed spongious bone abounding in wide capillaries and  having red 
bone m arrow  in its  p rim ary  m edullary cavities (Fig. 14, Tarsoly andT om ory  
1963). The callus form ed here disclosed a m assive spongious s tructu re  28 
days la te r (Fig. 15). B y th e  spongious callus formed under th e  influence of 
egg-shell adm inistration , th e  dura tion  of healing has been reduced by more 
th an  half com pared w ith  the  controls.
According to  these experim ental results Tom ory and  Tarsoly em ployed 
th e  m ix ture of egg-shell and  p laster in hum an m aterial with encouraging re ­
sults (see p. 251). In  possession of these d a ta , th e  question raised by  Böhler 
w hether there  is any  m eans to  prom ote callus form ation can be answered 
in  the  affirm ative.
IMPORTANCE OF VASCULARIZATION IN OSTEOGENESIS
The effect of egg-shell described above is double: p a r tly  it has a s tren g th en ­
ing effect on bone, and  p a rtly  it stim ulates the  haem atopoietic ac tiv ity  of 
the  red  bone m arrow form ed around the  vessels. It should be borne in
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F ig . 1 4 .Bone defect (tibiaof the dog) filled in  with a mixture of egg-shell and plaster 
after 14 days (Tarsoly and Tomory 1963), a massive spongious callus has developed.
m ind th a t  th e  porta l system  of vessels reach the  bone m arrow passing th rough  
th e  bone. As shown in Figs 14 and 15, the  mass of egg-shell and  p laster 
has been surrounded by vessels which grow in to  the  filling m aterial and 
break i t  down. The new spongious bone is form ed likewise around vessels. 
I t  can be concluded th a t  th e  vessels, creating and ensuring th e  conditions of 
oxybiosis, are the  basis of bone building.
As we have seen, vascular ingrow th due to  the  effect of adrenal ex trac t is a 
p rep ara to ry  stage of bone building. Bone is formed around vessels and  the  
m etabolism  of th e  newly form ed bone is likewise ensured by vessels. The 
tw o experim ents, described above, are thus, particu larly  appropria te  to  
dem onstrate  the  p a r t played by  vessels in osteogenesis, and  to  po int out 
th e  close connection between vessels and  oxybiotic m etabolism , adding 
support a t  the  same tim e to  the  im portance of vascularization em phasized 
in th is work and dem onstrated  by phylogenetic and  ontogenetic d a ta  as well 
as by experim ental evidence.
SUMMARY
Phylogenetic, ontogenetic, biological and  experim ental exam inations 
reviewed in  th is report, unequivocally dem onstrated  th a t  bone requires an 
oxybiotic m etabolism  and th e  presence of vessels.
A t sites where vessels are absent and  the  conditions for oxybiotic m etabo­
lism are no t ensured, a more prim itive supporting  tissue is formed, e.g. 
cartilage.
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F ig . 15. B one defect (tib ia  o f th e  dog) filled in  w ith  a m ix tu re  o f  egg-shell and  p las te r: 
28 d ay s follow ing o p era tio n , th e  ca v ity  is filled  u p  w'ith a m assive speng ious callus 
c o n ta in in g  red  bone m arrow  (T arsoly  an d  T o m o ry  19(111)
In  the  course of phylogenesis, in  lower anim als in  which the  vascular system , 
as condition for oxybiosis, has no t yet developed, supporting tissues con tain ­
ing large am ounts of m ucopolysaccharides are found. Only a fte r th e  appear­
ance of certain  endocrine glands (thyroid, suprarenal glands) and a more 
developed vascularization, are bone and red  bone marrow, etc. found to  
appear.
In  experim ents on regeneration, in  which tissular hypoxia was produced by 
gradual compression of th e  vessels of th e  granulation tissue, the  organism 
was p rom pted  to  form cartilage, i.e. an  avascular tissue.
Owing to  th e  effect of com plete adrenal ex tract, cajiillaries have grown 
in to  cartilage by  which the  conditions for oxybiosis were ensured. Conse­
quently , th e  organism  was obliged to  form  bone a t such sites where no 
bone form ation occurred up to  th a t  tim e, as has been dem onstrated  no t 
only microscopically, b u t on gross anatom ic specimens as well (e.g. th e  bony 
unification of the  in terverteb ra l disk w ith  th e  neighbouring vertebrae).
I t  is known th a t  form and  function constitu te  an inseparable u n ity  in the 
living organism . The change of form involves th e  change of function, e.g. if 
vascularization is stojaped, oxybiotic m etabolism  concom itant w ith  vasculariz­
a tio n —as a fu n c tio n —is replaced by a  lower ty p e  of m etabolism  which, 
by  affecting form, brings abou t cartilage, a non-vascular tissue w ith a
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m ucopolysaccharide ty p e  of m etabolism . According to  the  sam e principle, 
cartilage has been replaced by bone owing to  ingrow th of vessels.
In  richly  vascularized tissues (state of euoxia), glucose and  glycogen can 
be broken down th rough  the  tricarboxylic acid (Szentgyorgyi —K rebs) 
cycle to  CO 2 and  H 20 , by  high energy production.
In  poorly vascularized tissues (state  of hypoxia), glucose and  glycogen 
are broken down by  ferm entation  (glycolysis) following th e  E m b d en — 
M eyerhof pathw ay, producing considerably less energy.
In  non-vascularized tissues (state of anoxia), oxybiotic m etabolism  is 
reduced to  a m inim um , and  ferm entation  diminishes. A t th e  same tim e, 
large am ounts of m ucopolysaccharides are formed. The elucidation o fth e  
conditions of energy production in  th is ty p e  o f m etabolism  will be the  
subject of fu tu re  researches.
The conception of the  present work has been form ed on th e  basis of re ­
searches carried ou t for several years in the  In stitu te  of A natom y, Histology 
and  E m bryology of th e  Medical U niversity  of Debrecen.
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CONTRIBUTION TO TH E ANGIOARCHITECTURE OF TH E CALLUS
by
J .  L a d á n y i
II. SURGICAL CLINIC, UNIVERSITY MEDICAL SCHOOL, DEBRECEN, HUNGARY
T h e  d e v e l o p m e n t  of the  vascular supply o f the  callus has been investigated  
for years in our Clinic, in collaboration w ith the  In s titu te  of A natom y. The 
purpose of our investigations was to  stu d y  th e  vascularization of calluses 
ob tained  a fte r various trea tm en ts  of fractures.
The investigations on th e  vascular supply of the  callus were carried ou t 
a fte r simple reposition and  bloodless fixation of the  fractu red  ends (Series I), 
a fte r percutaneous diafixation (Series II) and  a fte r in tram edullary  fixation 
by  nailing (Series I I I) .  Studies on the  angioarchitecture of th e  callus a fte r 
compression trea tm en t are in progress. The experim ents were conducted 
on 16 young dogs of approxim ately  equal size, weighing abou t 7 to  8 kg. 
The distal th ird  of th e  u lnar diaphysis was fractu red  obliquely by  a p a ir of 
L iston’s bone scissors under sterile conditions.
I. The dogs were sacrificed a t  different in tervals following simple reduction 
of the  fractu re ends. In  th is way, th e  healing of the  fractu re and the  revascula­
rization occurring during the  process of callus form ation could be followed. 
A fter sup rav ita l injection of d ilu ted  Ind ia  ink in the  heart of the  dog, the  
bone of th e  dead anim al, denuded of its  soft parts , was m ade tran sp a ren t 
by Spalteholz’ m ethod and exam ined under m agnifying glass and  microscope.
A fter simple reduction of the fracture, the  form ation of new vessel buds 
was found to  begin in the  firs t days a fte r th e  fracture. F ourteen  days afte r 
th e  fracture, a m arked capillary netw ork was seen which displayed a 
fine brush-like d istribu tion  and p en e tra ted  in to  th e  site of the  fractu re  from 
bo th  ends. A t th is tim e, however, th e  vessels were dem onstrable only in the 
m edullary cav ity  the  cortical p a r t being com pletely avascular.
Three weeks a fte r the  fracture, the  vascular system  of th e  m edullary 
cav ity  showed a  m uch denser pattern  th a n  th a t of the  cortical p a r t. The cor­
tical vascular system  was still poorly developed.
F our weeks a fte r th e  fracture, th e  connection between th e  vessels of the  
rich m edullary netw ork was already established a t  the  frac tu re  line, b u t a 
marked avascular zone was still visible in th e  cortical layer.
B y the  fifth  or six th  week, the vascular system  of the  cortical p a r t  of the  
bone began likewise to  develop rapidly. By th is tim e th e  connective tissue 
bridging the  gap between th e  tw o fractu re  ends (endosteal callus) can well be 
observed.
This series of experim ents show th a t  if  the  reduction of th e  frac tu re  ends 
was perform ed avoiding th e  use of any  foreign bodies, th e  endosteal vascula­
rization preceded the  periosteal one.
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I I .  In  the  second series of experim ents the  vascular supply of the  callus 
developing a fte r d iafixation was exam ined. The experim ents were carried 
ou t on 15 dogs, in which oblique u lnar fractures were perform ed and the  
fractu re  ends were fixed by diafixation. The wire was rem oved a fte r th ree 
weeks. The cortical substance was found to  have been augm ented to  alm ost 
tw ice its  original am ount around the  site of perforation of the wire. A m arked 
periosteal reaction was seen a t th e  fractu re  line. The angioarchitecture of 
th e  callus showed an interesting change. A round the  diafixing w ire—though 
it was m ade of a m etal no t hostile to  tissues—a m arked proliferation of 
blood vessels was observed. The invasion of the  vessels into the  fractu re 
line was found to  occur earlier th an  in the  controls. V ascularization of the  
m edullary cav ity  was found to  be more ab undan t th a n  th a t  of the  cortical p a r t 
which was relatively  pool'. Thus, th e  presence of the  diafixing wire induced 
an  intensive, even p rem ature  developm ent of the  vascular system .
The 4-week-old specimens displayed an undesirable superabundan t vascu­
larization along th e  fractu re  line. Thus, if  the  diafixing needle is kep t in 
th e  bone longer th a n  th ree weeks, i t  m ay cause an  undesirable, superabun­
d an t proliferation of th e  vessels in  th e  m edullary cavity, resulting in the 
form ation of a callus consisting of soft, loose connective tissue. According 
to  the  exam inations of Pap, such exaggerated periosteal reactions can be 
avoided if vitallium  needles are used for fixation.
These exam inations were carried ou t in  collaboration w ith E . Hidvégi.
I II . In this series the development of vascularization after intermedullary 
nailing was studied. Twenty dogs were used in the experiments.
Through a  skin incision of abou t 1 cm, a t th e  level of the  tuberositas 
tib iae, the  periosteum  was cu t th rough  on the  an terio r surface of the  foreleg 
of the  dog, perforating the  bone bv  a hand  drill. Through the  hole, a Kürsch­
ner wire of an  adequate size was in troduced  along the  whole length of the 
cavity . Then th e  bone was partia lly  sawn th rough  a t  th e  border of th e  lower 
and  m edian th ird  and  broken by hand  around the K irschner wire already 
introduced. One week afte r the  fracture, the callus was exam ined following 
injection w ith In d ia  ink. The exam ination revealed the haem atom a and  the  
vessels advancing from  th e  periosteum  to  the  fractu re  line.
Two weeks following the  fracture, an  extensive callus was form ed and the  
vessels invading from  the  periosteum  were found to  stop on the  border of 
th e  cartilage where m arked glomerule-like form ations were also visible.
In  th e  3-week old specimens, the  ingrow th of vessels from the  periosteum  
increased. The m edullary arteries appeared to  run tow ards the  frac tu re  ends.
F our weeks later, the  ingrow th of vessels, bo th  from  the  m edullary cavity  
and  th e  periosteum , was m ore vigorous, even displaying anastom oses be­
tw een the  tw o vascular system s.
Six weeks after the fracture, the invasion of the endosteal and periosteal 
vessels exhibited a further increase. The number of anatomoses was also 
greater.
Eight weeks after the fracture, the vascularization between the fracture 
ends was similar to  th a t of the normal, intact bone.
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SUMMARY
On the  basis of experim ental results it can be s ta ted  th a t  th e  vasculariz­
ation  of the  callus varies according to  d ifferent forms of osteosynthesis. 
While in  Series I  and  I I  (simple reposition and diafixation) th e  vasculariz­
ation of the  callus originated from  th e  m edullary cavity, in  Series I I I  where 
in tram edullary  nailing was perform ed, poorly vascularized areas were observ­
ed w ith sim ultaneous form ation of cartilaginous callus. In  th e  th ird  and 
fourth  week a  vigorous invasion of vessels occurred from  the  periosteum  
and  a m uch slighter vascular ingrow th was observed in the  m edullary cav ity  
advancing tow ard  th e  fractu re  line. In  the  fifth  week anastom oses were 
seen, and  by  th e  seventh  and eighth  week th e  vascularization of the  callus 
became sim ilar to  th a t  of norm al bone. Thus, in case of in tram edullary  nail­
ing, the  ingrow th of vessels from  th e  m edullary cav ity  was found to  be 
pro tracted , b u t it did not cause a m arked delay in ossification.
The experim ents were carried ou t in collaboration w ith  I. Földes and  L. 
Tasnády.
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EX PERIM ENTAL DATA ON CALLUS FORMATION
by
I. F ö l d e s , Á . G e h e , L. M ó d i s , É v a  FL. O l á h
DEPARTMENT OP ANATOMY, HISTOLOGY AND EMBRYOLOGY 
UNIVERSITY MEDICAL SCHOOL, DEBRECEN, HUNGARY
and
T a s n á d y , L.
II. SURGICAL CLINIC, UNIVERSITY MEDICAL SCHOOL, DEBRECEN, HUNGARY
I t  i s  known th a t  num erous factors p lay  a role in norm al chondral ossifica­
tion, e.g. m ineral salts, (chiefly calcium and  phosphorus) v itam ins, hor­
mones, m ucopolysaccharides, vascularity , m echanical factors, etc. A sim ilar 
situation  exists also in the  case of regenerative ossification, nam ely of 
callus form ation. In  th e  present work we wish to  dem onstrate  our experi­
m ental results concerning the  effect of phosphate esters and  of compression. 
L ately , g reat im portance has been a ttr ib u ted  to  the  phosphate esters. 
According to  in  vitro investigations the  ATP is considered as an  exclusive 
phosphate donor in  th e  process of calcification (Cartier and  P icard 1955, 
P icard  and  C artier 1955, B arbieri 1957a, b, Castellini e t al. 1955). On 
th e  o ther hand, recent biochem ical investigations refer to  th e  involvem ent 
of phosphate esters in th e  form ation o f m ucopolysaccharides (Leloir and 
Cardini 1953, Castellani and Z am botti 1956, Z am botti 1957,etc). According to  
K rom pecher (1956, 1960) th e  m ucopolysaccharides are indispensable m eta­
bolic products of cartilage form ation, whereas their presence is particu larly  
im portan t in the  deposition of m ineral salts.
Our experim ents were carried ou t on 132 w hite ra ts. The left fem ur of the  
ra t  was frac tu red  and  the  broken ends were fixed by a nail. The anim als 
were trea ted  w ith 2 mg of glucose-1-phosphate, glucose-6-phosphate and  
ATP daily. One group of ra ts  trea ted  w ith  glucose -f- phosphate or anorganic 
phosphorus served as control as well as one group of un trea ted  anim als. 
In  each group the  m ateria l was exam ined 1, 2, 3 and  4 weeks a fte r the  
fracture.
According to  our experim ental results the  cartilaginous callus appears even 
in the  firs t week under th e  influence of phosphate esters. We found Hale posi­
tiv ity  and  y-type m etachrom asia in  the  cartilage cells (Figs 1 and  2). On the  
o ther hand, in th e  calluses of the  control anim als, connective tissue could 
still be observed w ith  PAS positiv ity . Cartilage has already form ed in the  
callus of each group in tw o weeks, b u t afte r adm inistering phosphate esters, 
th e  cartilage appears in  a greater quan tity , and  it  is in these groups th a t 
chondral ossification begins. A fter trea tin g  w ith  phosphate esters, these 
bone bars become stronger, b u t the  enlargem ent of the  rem aining cartilage 
islets is also g reater (Figs 3 and  4). According to  our experim ental results 
th e  effect of th e  phosphate esters on callus form ation is two-fold:
3 0 5
F i g . 1. Ont1-week « tage . 
Control group. C onnective 
tissue callus betw een the 
fra c tu re  ends d isp lay ing  
o rthoch rom asia  w ith 
to lu id in e  blue
F ig . 2. O ne-w eek stage. 
T rea tm en t w ith  G -6-P. 
A ppearance  o f  cartilage  
islet giving met aehrom asia 
w ith  to lu id ine  blue
1. I t  stim ulates the  process of regeneration by  accelerating th e  form ation 
of th e  cartilaginous and  osseous callus;
2. I t  prolongs th e  process of cartilage form ation, so th a t  th e  final healing 
is som ewhat re tarded .
We a ttem p ted  to  ob tain  qu an tita tiv e  d a ta  also on the  effect of th e  phos­
phate  esters. W e exam ined th e  frac tu red  bones concerning ten ac ity  and  
elasticity  (elasticity module) by  an  apparatus devised by  T arján  e t al. 
The m easurem ents were perform ed according to  th e  m ethod of T arján  e t al.
As a resu lt of th e  d a ta  obtained, th e  ‘self-control’ value was calculated,
i.e. th e  relative value of the  fractu red  and  in tac t leg of th e  sam e anim al 
and  th e  ‘com parative control’ value, representing th e  re la tive values 
ob tained  in th e  fractu red  legs of the  ra ts  of each group.
According to  our results th e  trea tm en t w ith  various phosphate esters 
increases the  ten ac ity  of th e  in tac t and  fractu red  bone, though  not signi­
ficantly , as com pared w ith  th a t  of th e  controls and  those trea ted  w ith 
G +  P  (Table I).
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F ig . 3. F ou r-w eek  stage. 
C ontro l. N ew  spongious 
bone betw een  th e  fra c ­
tu re  ends. S ta in : haem a- 
toxy lin -ch ro m o tro p e
F i g . 4 . F our-w eek  stage. 
T re a tm e n t w ith  G -l-P . 
T he new  bone trabecu lae  
a re  denser. S ta in : baem a- 
toxy lin -ch rom otrope
T a b l e  I
V alues o f  te n a c ity  o f  callus
Group
Average value 
of fractured leg 
(kg/m m 2)
Average value 
of intact leg 
(kg/mm*)
Self-control
value
Comparative 
control value
G-l-P 313 4-24 073 1*22
G-6-P 315 3-10 101 1 -23
ATP 3-25 4-45 0-73 1 -27
G +  P 2-67 3-22 0-82 104
Control 2-55 3-44 0-74 —
This increase was no t observed in the  elasticity  m odulus (Table II).
T a b l e  I I
V alues o f  th e  e la s tic ity  m odu lus o f  callus
Group
Average value 
of fractured leg 
(kg/mm3)
Average value 
of intact leg 
(kg/mma)
Self-control
value
Comparative 
control value
G-l-P 2-251 3-709 0-62 0-87
G-6-P 2-446 3-377 0-72 0-94
ATP 2-650 3-756 0-71 1-02
G +  P 2-952 3-506 0-84 1-14
Control 2-575 3-666 0-70 —
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Control callus 
ATP-treated callus 
Q-l-P-treated callus 
G+P -treated callus 
Control intact bone 
ATP-treated intact bone 
6-1-P-treated intact bone 
Q+P-treated intact bone
/MP/min/g 
50000 
45000- 
40000- 
35 000- 
30000- 
25000- 
20000-  
15000- 
10000- 
5000-1
28 Days
F ig . 5. U p ta k e  o f  rad io ac tiv e  su lp h a te  in  th e  callus
Different isotopes were 
used for a b e tte r  recogni­
tion  of the  m echanism  of 
effect of the  phosphate 
esters. On th e  artificial 
callus of ra ts we exam ined:
1. u p take of rad ioac­
tive sulphate;
2. up take of 32P  incor­
porated  in G-l-P com­
pared w ith  th e  con­
tro l 32P ;
3. uptake of 32P  afte r 
p re trea tm en t with 
ATP.
The trea tm en t of the 
phosphate esters increases 
the  up take of 35S by  30 
to  40%  in the  callus tissue. 
The m axim um  is found 
approxim ately  afte r one 
week. The arrow  indicates 
th e  scattering. The in ­
creased u p take of rad io ­
active su lphate refers to  
th e  form ation of acid mu­
copolysaccharides (Fig. 5).
A t the  beginning there  
is no difference in the  
u p take between 32P  incor­
porated  in G -l-P  and con­
tro l 32P ; la te r on the  u p ­
tak e  of 32P  incorporated  
in G -l-P  begins to  increase 
from the  te n th  day  (Fig. 
6). In  th e  th ird  series, in 
th e  firs t week, no differ­
ence was found in the  32P  
incorporation of callus 
betw een th e  control ra ts  
and  those trea ted  w ith 
ATP. In  th e  fourth  week th e  32P  u p tak e  of callus o fra ts  tre a ted  w ith 
ATP increases significantly (Fig. 7).
According to  these experim ents w ith  isotopes th e  results w ith  35S gave 
contrasting  curves (Fig. 8). A t th e  beginning th e  su lphate u p take increases, 
owing to  th e  effect of th e  phosphate esters. As tim e elapses—parallel 
w ith  th e  replacem ent of cartilaginous callus by  bony callus—th e  ac tiv ity
F ig . 6. U p tak e  o f  32P  an d  th a t  o f  32P  in co rp o ra ted  
in  G-l-P in  th e  callus an d  in ta c t  bone tissue
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F ig . 7. U p tak e  of 32P  in  callus and  
in ta c t bone tissue  in con tro ls and 
a f te r  p re tre a tm e n t w ith  A TP
of 35S decreases. The contrary  
occurs in  th e  case of 32P.
These d a ta  seem to  indicate 
a  two-fold effect of phosphate 
esters. In  th e  in itial stage th ey  
have an  enhancing effect on 
cartilage and m atrix  formation, 
m ainly by prom oting th e  syn ­
thesis of m ucopolysaccharides. 
In  la te r stages th ey  enhance 
calcification by stim ulating the 
effect of P-donor or th e  devel­
opm ent of tem plate. Finally, 
the  effect of compression of the 
m echanical factors will be dis­
cussed. The different investiga­
tions and  results raised a few 
problem s: the  m ethodological 
question of th e  creation of a fix , 
perm anent pressure and the 
necessity of more extensive 
histological and  histochem ical 
investigations. The work of 
Schenk and  W illenegger (1963) 
concerning the  healing of the  
com pact hone fractu re proved 
to  be inspirational. Relying on 
th e  s treng th  of these findings 
we determ ined to  carry  out 
experim ents concerning the 
effect of pressure upon th e  heal­
ing of fractures. E xperim ents 
on fix pressure were perform ed 
on dogs as follows:
1. The transverse wire was 
applied as near as possible 
to  th e  fractu red  ends to  
enable us to  bring about 
pure pressure force;
F ig . 8. G rap h  show ing th e  ex p e ri­
m e n ta l re su lts  ob ta in ed  w ith  rad io ­
ac tiv e  su lp h a te  an d  pho sp h a te
Spec. act. Imp./min/g 
96000i
±56%
92000- 
88000- 
84000- 
80000- 
76000- 
72000-  
68000- 
64000- 
60000- 
56000- 
52000- 
48000- 
44000- 
40000-  
36000- 
32000- 
28000- 
24000- 
20000-  
16000-
12000- ±14-6% 
8000- 
4000-
32P in the callus of 
controls
32P in the intact bone 
of controls
■*2  P in the callus of rats 
pretreoted with ATP
_________32P in the intact bone of
m m i  rats pretreated with ATP
1
±10-9%
I
I
± 6-8%
kiírni
2A
±10-4%
l|h m ^ ± 7 7 - g %  
.1
Week 4 Weeks
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F ig . 9. C om pression tr e a t ­
m en t. T en -d ay  stage
F ig . 10. Fourteen-day stage
2. Two splints were em ployed which decreased th e  possibility of th e  dislo­
cation of th e  fractu re  ends;
3. A V-shaped fractu re  was m ade which is also favourable for th e  precise 
setting  of th e  fractu re ends.
The apparatus was applied directly  a fte r the  operation. W ith  the  help 
of th e  b ilatera l spring, a pressure of 8 kg was exerted  on the  fractu re  ends. 
The anim als lived for 10, 14, 21, 28, 35 and  42 days a fte r th e  operation.
R E SU L T S
Stage 10 to 14 days : th e  initial period of th e  fo rm ation  of the  callus 
The com pact bone fracture-ends conform entirely, so th a t  only a m inim al 
haem atom a gets betw een them  (Fig. 9). The compression is th e  g reatest 
here, because th e  wire leans on the hole and  the  en tire  w eight is b rough t to  
bear in  th e  com pact bone. W ithin th e  form ation of th e  spongious bone 
gets under way (the occluding callus), and  the  anchoring callus consisting 
of th e  spongious bone also appears periostally. Between the  spongious bones 
connective tissue is found, and  on th e  15th day, chiefly externally , sm aller 
cartilaginous islets, too (Fig. 10).
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F ig . 11. T w enty-one-day stage
Stage 21 to 28 d a ys : in th e  extrem ely 
narrow  space of the  com pact bone a 
very  sm all am ount of granulation  tissue 
can be observed (Fig. 11), while in 
th e  28-day-old calluses new, spongious 
bone can also be seen (Fig. 12). Be­
tw een th e  in terna l occluding callus and 
th e  ex ternal anchoring callus a consid­
erable am ount of cartilaginous callus 
was form ed w ithin th e  colliding areas. 
A t th e  in ternal callus th e  compressing 
force consists of two com ponents:
1. The pressure of the  spongious bones
which grow tow ards each other;
2. The p a r t of th e  pressure exerted  by 
us affecting the  spongious area.
H ere the  cartilage consists of fresh, 
young cartilage cells, shown by the  
vivid positiv ity  of alcian blue and  al- 
cian green, and  th e  y-m etachrom asia 
with thionine.
Stage 35 to 42 days: the  restitu tion  of the fractures is com pleted. In  th e  
com pacta between the  fractu re  ends, new spongious bone has been form ed 
(Fig. 13). E xternally , th e  anchoring callus, forming from  tw o directions, 
becomes contiguous also periostally  w ith each other, and  the  cartilage islets 
dim inish (Fig. 14). In  the 42-day stage only a few alcian blue positive 
cells indicate the  presence of cartilage. In ternally , in a sim ilar way, the  ossifi­
cation progresses gradually, the  vessels invade the  cartilage and the  cartilage 
becomes su b stitu ted  by bone. As a result of our findings, the  following ideas 
are suggested:
1. P articu larly  when investigating the  m echanical factors, i t  seems neces­
sary  to  carry  ou t a  differential investigation of the  external, th e  com ­
pact and the  in ternal callus;
2. The compressing force does n o t produce an  equal effect on the  d ifferent 
calluses during their healing;
3. The in tensity  of th e  compressing force essentially influences the  quality  
of the  callus as described by Friedenberg and French (1952). We are of 
the  opinion, however, th a t  th e  weight values ought to  be revised, be­
cause the  8 kg weight, considered to  be optim al by  these authors, appears 
to  be too m uch in the  case of th e  com pact bone. N aturally , n o t only 
th e  absolute weight value should be considered, b u t also th e  size of the  
bone;
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F ig . 12. T w en ty -e ig h t-d ay  stage
F ig . 13. T h irty -fiv e -d ay  stage
F ig. 14. Forty-two-day stage
4. A fundam ental condition fox- th e  exertion of the  cartilage inductive 
effect is th e  presence of granulation tissue in  th e  initial stage of devel­
opm ent.
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EFFECT OF ENDOCRINE FACTORS ON CALLUS DEVELOPMENT 
IN EXPERIMENTAL FRACTURES
by
E. V. S. K o s k in e n
CLINIC FOR ORTHOPAEDICS AND TRAUMATOLOGY 
UNIVERSITY OF HELSINKI, FINLAND
T h e  r o l e  of endocrines on regeneration of bone as biological agents e x e rt­
ing favourable or unfavourable action has a ttra c te d  increasing a tten tio n  
in recent research on the  physiology of calcified tissues. Convincing proof 
has been presented of osseous anabolic effect of the  horm ones know n to 
have bony targe ts  (Asling and  E vans 1956, K oskinen 1959, 1962, 1963, 
1965a, b, c, Nichols 1965, Nordin 1965, R okkanen and Slätis 1964, Uehlinger 
1965, U rist and  M cLean 1963, W ray 1965).
This paper is based on the  results of studies concerning th e  effects of 
various horm ones and  of th e ir deficiency in experim ental tib ia  fracture. 
The fundam ental approach was th a t  of com bined qu an tita tiv e  study  
comprising tissue analysis of the  callus, au torad iography w ith phosphorus32 
P lanim etrie m easurem ent of the  roentgenological callus and exam ination 
of the  clinical consolidation of the  fracture. The m ethods and  their theore tic­
al aspects have been presented in  detail in previous papers (Koskinen 1959, 
1962, 1963, 1965a, b, c, R okkanen and Slätis 1964, Uotila 1940, U otila 
and  K annas 1952) to  which reference is made.
In  b rief outline, th e  procedure in the  q u an tita tiv e  tissue analysis m ethod, 
also known as line sam pling, is th a t  a line is draw n in the  histological section 
across the  bone ends a t  righ t angles to  the  shaft and the percentage d is tri­
bution of th e  d ifferent tissue com ponents in th e  callus observed along th is 
line is p lo tted  to  produce a  diagram  illustra ting  conditions a t  different 
stages of healing.
ACTION OF GROWTH HORMONE AND CORTISONE
Grow th horm one and, in  particu lar, grow th horm one com bined w ith 
thy ro trop in  has an accelerating effect on th e  healing of fractures of th e  long 
bones when in jected  a t  the  beginning of bone repair. Cortisone, on the o ther 
hand, im pedes the  norm al developm ent of callus and  osteogenesis.
The line sam pling procedure revealed, com pared w ith the  controls, more 
vigorous form ation of new bone and  m atura tion  of the  callus in  the  tes t 
group trea ted  w ith grow th hormone, and  even more so in  the  group w ith 
com bined grow th horm one and  thy ro trop in  trea tm en t. R epair s ta rted  a t an 
earlier tim e and  progressed rapidly. A t the same tim e, profuse vasculariz-
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•  Qrowth hormone 
+ Growth hormone 
plus thyrotropin
o C ontrols
x  Cortisone
D a ys  s i n c e  f r a c t u r e
F ig . 1. Size of roentgenographic 
callus (planimetric measure­
ments). Development of the 
callus in size in different ex­
perimental groups and in their 
controls during progress of bone 
repair; x 5. Average of 5 animals 
(young, growing rats)
Fig . 2. 32P  deposition by  densito- 
tm etry o f autoradiographs (con­
trols). R elative intensity o f  radio- 
phosphorus deposition in the 
callus and at specified points 
o f the fractured bone during 
progress o f norm al bone repair
ation occurred and  m ature hyaline cartilage; the la tte r  presents a fairly 
specific reaction in  the  form  of peculiarly ac tiva ted  cells seen in  th e  h isto­
logical section (Koskinen 1959, 1965a). On the  o ther hand, fibrous tissue 
and  fibrous cartilage occurred sparingly. In  th e  controls and  in th e  group 
trea ted  w ith  cortisone, th e  form ation of new bone was o f a lesser degree 
and  la te r in starting . The phenom enon was especially m arked in the  last 
m entioned group. New blood vessels were com paratively few, while im m ature 
tissue com ponents (fibrous tissue and  fibrous cartilage) were dom inant.
The size of th e  callus seen in X -rays of the  frac tu red  tib ia , as m easured 
w ith  th e  p lan im eter from  enlarged p rin ts  (Fig. 1), increases a t  firs t fairly 
uniform ly in  th e  experim ents w ith grow th horm one and  w ith th e  com bina­
tion  of this horm one and  th y ro trop in  as well as in th e  control experim ents.
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L ater, th e  same increase continues steadily  except in the  controls where it 
slows down appreciably. U nder cortisone trea tm e n t the  callus rem ains very  
sm all th roughou t th e  repair process.
R adioactive chemicals can be p ro fitab ly  used to  indicate the  locality  and 
in tensity  of th e  d istribu tion  of m ineral com ponents during the  course of th e  
reconstruction process. The deposition is m ost prom inent close to  the  frag ­
m ents and  on the epiphyseal line. B oth horm onal trea tm en t groups, nam ely, 
w ith  grow th horm one alone as well as com bined w ith  thvreo tropin , displayed 
increased ac tiv ity  already a t an  early stage and the  reaction was very  evident 
a t  the final stage in th e  cases w ith  com bined trea tm en t. The deposition of 
32P  was rem arkably  poor in  th e  cortisone experim ents.
The localization of th e  phosphorus isotope coincides w ith the  sites of 
new bone form ation, and  th e  s treng th  of ac tiv ity  correlates w ith the  increas­
ed vascularization of th e  callus. The very  close topographical relation  of 
new bone form ation and  vascularized areas would thus suggest th a t  th e  
radiophosphorus deposition is consistent w ith  the  degree of local hvperaem ia.
ACTION O F S E X  H O R M O N E S A ND  T H Y R O X IN E
Com pared w ith th e  action of grow th horm one which results in  an  increased 
ra te  of the  norm al reactions constitu ting  th e  repair process, androgen and 
thyroxine elicit effects of a sim ilar character, though  to  a lesser degree and  
w ithout pronounced cell ac tiva tion  in  the  hyaline cartilage. The m echanism  
of action of oestrogen seems to  be different, owing to  its calcifying effect 
on the  callus which is evidently  due to  reduced resorption of new-laid 
ossifying tissue.
The local variations in  radiophosphorus deposition were studied in  some 
detail in th e  experim ents concerning the  horm ones m entioned above, 
and  sta tes of horm onal deficiency, applying a  m ethod involving densito- 
m etric technique. Readings were tak en  a t  four specified spots of each 
au to rad io g rap h :
1. a t the  po in t of highest density  in the  callus area;
2. a t  the  epiphyseal line;
3. a t th e  diffuse deposition in  th e  diaphysis;
4. a t th e  end of the  bone fragm ent.
All readings were corrected w ith  reference to  a  calibration scale.
F igure 2 illustrates the  d istribu tion  of radiophosphorus deposition a t  
d ifferent points during th e  repair process, which reflects th e  m ineralization 
occuri’ing in  the  course of norm al fractu re  healing. The re la tive value of the  
deposition of 32P  in th e  area of the  callus declines, a fte r some in itia l rise, 
to  abou t one-half of th a t  found a t  seven days. The course of th is  curve is 
ra th e r closely duplicated  by  th a t  of the  graph relating to  th e  epiphyseal 
line of th e  fractu red  bone which is consistently  25 to  50% lower. A lm ost 
constan t values were found th roughout th e  period of observation for the  
diffuse deposition in th e  diaphysis and  for th e  end of th e  bone fragm ent, 
th e  la tte r  values being about 40% lower.
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• --------------Androgen
o --------------Controls
x --------------Orchiectomy
• -------- Oestrogen
O --------Controls
x ----- Oophorectomy
•  -------- Thyroxine
o --------Controls
x --------Thyroidectomy
7 14 21 28 35
Days since fracture
F ig . 3. 32P  d eposition  in  th e  callus b y  d en sito m e try  o f  au to rad io g rap h . 
R e la tiv e  in te n s ity  o f rad io p h o sp h o ru s d eposition  in  th e  callus d u rin g  
progress o f  bone re p a ir  in  6 d iffe ren t e x p e rim e n ta l g roups a n d  in  th e ir
co n tro ls
In  Fig. 3 th e  densitom etric evaluation of the  radiophosphorus accurnula- 
tion  in  the  callus of the  horm one-treated  anim als and  anim als subjected to  
gland rem oval can be seen. The corresponding curve from the  control series 
(topm ost curve in  Fig. 2) has been reproduced here as d o tted  lines. Most 
strik ing is th e  effect produced by  oestrogen: th e  radiophosphorus ac tiv ity  
in  th e  callus is abou t five tim es as high as in the  controls. The curve has the 
same character as in th e  control experim ents, running a t an  invariably  
higher level.
Androgen and  thyroxine adm inistration  also seem to  have stim ulated  the  
radiophosphorus deposition in the earlier stage of th e  repair period, though 
to  a  lesser degree th an  oestrogen. Towards th e  end of the  period the  values 
go down rem arkably , even below th e  control value.
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• ----------------Androgen
o --------Controls
x ----------------Orchiectomy
• ---------------- Oestrogen
o --------Controls
x -----------------Oophorectomy
• ----------------Thyroxine
o ------- Controls
x ----------------Thyroidectomy
F ig . 4. Size o f  roen tgenog raph ic  callus (p lan im etric  m easu rem en ts). D ev e lo p m en t o f 
th e  callus in  size in  3 d iffe ren t ex p erim en ta l g roups an d  in  th e ir  co n tro ls  d u rin g  
progress o f bone rep a ir; X 5. A verage o f 5 an im als  (grow ing ra ts )
Among th e  groups involving rem oval of sex glands or thyro id , oophorec­
tom y  shows a d istinct effect. The m ineral deposition in th e  callus of these 
anim als declined steadily  to  a final value less th a n  half th a t  of th e  controls.
Tissue-analytic approach yielded the  following inform ation. As a  resu lt of 
trea tm en t w ith  any one of th e  th ree  horm ones—androgen, oestrogen or 
th y ro x in e—th e  developm ent of the  callus reveals d istinct early  m atura tion , 
th e  form ation of new bone s ta rtin g  one week earlier th an  in  the  controls. 
In  the  anim als subjected  to  g landular ectom y, again im m ature tissue com ­
ponents persist during a period of rem arkable length  as com pared w ith  the  
controls. This is particu larly  d istinc t in the  oophorectom y group where the  
callus a t th e  final stage of th e  observation period still contains 26% fibrous 
tissue and  fibrous cartilage, whereas new bone form ation and  vasculariz­
ation  have been ra th e r scan ty  th roughout th e  repair process.
P lanim etric evaluation o f th e  callus radiogram  enlarged five tim es revealed 
the  following trends (Fig. 4). In  th e  androgen and  thyroxine groups the  size 
of the  callus exceeded th a t  of the  controls from  the  very  beginning of the  
observations and  th roughou t the  course of repair. The in itial increase was 
m ore ab ru p t under thyrox ine trea tm e n t th an  in the  androgen-treated  an i­
mals.
E ssentially  d ifferent from  the  foregoing findings is th e  com paratively  
sm all size of the  callus in th e  oestrogen group which rem ains far below the  
controls even a t  the  la te  stage of repair. Moreover, th e  sclerosis observed 
in the  radiogram  during reconstruction in  th e  area of th e  frac tu red  bone
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Fig. 5. D evelopm ent o f  callus. C um ulative  d is tr ib u tio n  d iag ram  show ing th e  size of 
th e  callus in  h u m a n  p a tie n ts  a f te r  2 an d  4 m o n th s  o f  fra c tu re  healing  in  a  series o f  
20 fem ur frac tu re s  w ith  com bined tr e a tm e n t b y  g row th  horm one a n d  th y ro tro p in , 
a n d  a  co n tro l series o f  20 sim ilar f ra c tu re s  w ith o u t ho rm o n a l tre a tm e n t. The callus 
o f  th e  h o rm o n e-trea ted  p a tie n ts  is la rg er in  ab so lu te  q u a n ti ty  an d , above all, reaches 
m ax im u m  size a t  an  earlie r s tage  th a n  in  th e  con tro ls
surfaces was more clearly noticeable in the  oestrogen group th an  in th e  o ther 
tw o horm one-treated  groups.
Oophorectom y and  thyro idectom y caused d istinctly  sm aller size of the  
callus th roughou t th e  repair process th an  in the  controls, while no such 
effect was no ted  upon orchiectom y. As a phenom enon common to  all an i­
mals subjected to  gland rem oval, osteoporosis was observable in  th e  rad io ­
gram  of th e  frac tu red  bone.
A CTIO N  O F H O R M O N E S IN  MAN
The influence of com bined grow th horm one and  th y ro tro p in  trea tm en t 
has proved to  be particu larly  reflected b y  th e  values characterizing th e  
calcium and  phosphorus m etabolism  in cases of hum an fractures or pseudan- 
throsis of long bones (Koskinen 1963, 1965a). Com pared w ith  th e  controls,
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urinary  calcium and  phosphorus excretions decrease as does the  calcium 
conten t of th e  serum, while serum  phosphorus and  alkaline phosphatase 
ac tiv ity  are slightly increased. These changes in horm one-treated  cases 
show th a t  accelerated m ineral deposition and osteogenetic ac tiv ity  prevail 
during th e  m etabolic stage of the  repair process (Koskinen 1965a).
A highly condensed review of th e  principal results recorded in a series of 
diaphyseal fractures of the  fem ur m ay serve to  illustra te  th e  point in  ques­
tion. The horm onal trea tm en t consisted of 25 mg grow th horm one plus 
2 U .S.P . units th y ro trop in  given every second day  during periods from 
21 to  75 days. In  tw o-thirds of th e  cases a fresh fractu re  was concerned, 
while th e  o ther th ird  involved non-union or delayed union w ith earlier 
a ttem p ts  to  achieve bony union. The control series com prised fractu res of 
th e  fem ur which were tre a ted  w ithout hormones, b u t otherwise, according 
to  the  same surgical principles as th e  horm one-treated  series.
Q uan tita tive  s tudy  of roentgenological callus (Fig. 5) revealed th a t  th e  
size of th e  callus in  th e  horm one-treated  series, tw o and  four m onths a fte r 
th e  onset of healing, was abou t double th a t  of th e  controls. I t  is particu la rly  
to  be no ted  th a t  th e  callus of th e  horm one-treated  patien ts  was no t only 
larger in  absolute q u an tity  bu t, above all, i t  was formed and  reached m axi­
m um  size a t  an  earlier stage th an  in the  controls.
The progress of healing in  th is m aterial was judged by th e  percentage of th e  
pa tien ts whose frac tu re  had  consolidated clinically and  roentgenologically 
w ithin I to  8 m onths. On th is  basis, th e  regeneration of bone in the  controls 
was fairly  constan tly  delayed by  abou t tw o m onths in  com parison w ith  
the  horm one-treated  series. Also the  10 cases in  which non-union or delayed 
union existed  when the  horm onal trea tm en t s ta rted , healed abou t one m onth  
sooner th an  the  recent fractures o f the  cases w ithout horm onal trea tm en t. 
E qually rem arkable is the  fact th a t  15% of the  controls experienced no 
healing w ithin eight m onths, against T 5%  in th e  horm one-treated  series.
SUM M ARY
I t  is shown by various m ethods, including q u an tita tiv e  tissue-analytic 
s tu d y  of the  callus com ponent d istribution, au torad iography w ith 32P  and 
planim etric m easurem ent of X -rays, th a t  the  healing of long bones can be 
controlled to  a rem arkable ex ten t by  certain  hormones.
G row th hormone, particu larly  in  com bination w ith thyro trop in , has a 
powerful osteogenesis-increasing effect. A sim ilar, though less strong effect 
is no ted w ith  androgen and  thyro id  hormone. The m echanism of action of 
oestrogen is different owing to  its  characteristic calcifying influence seen in 
the  repair process and  in th e  developm ent of callus. Oophorectom y and 
thyro idectom y delay the  m atu ra tion  of callus, while the  influence of orchiec­
tom y is inconclusive in  th is respect.
The accelerated ra te  of frac tu re  repair correlates w ith  sim ilar findings 
in cases of hum an p a tien ts  under com bined grow th horm one and  thy ro trop in  
trea tm en t, which results in increased m ineral deposition as corroborated by  
m etabolic studies, in  osteogenetic activ ity , m ore rap id  increase of callus 
size in th e  active stage of healing and  in more rap id  and  dependable bone 
union as com pared w ith  th e  controls.
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USE OF HOM EOPLASTIC BONE SCREW  IN  T H E  TR EA TM EN T OF
PSEUFK) ARTHROSES
by
Z . ZÁBORSZKY
DEPARTMENT OF TRAUMATOLOGY, MILITARY HOSPITAL BUDAPEST, HUNGARY
Sym p. B iol. H u n g ., 7, pp . 323—328 (1967)
P s e u d o a r t h r o s e s  are no t inclined to  spontaneous healing and  th e ir p h arm a­
cotherapy promises no im provem ent. Therefore, a  num ber of operative 
solutions was elaborated  for their trea tm en t: the  refurnishm ent of the  
pseudoarthroses, bone splintering (K irschner 1949), tu rn ing  of th e  bone 
splin t (Lexer 1924), drilling up (Beck 1949), compressing of th e  ends of the 
pseudoarthroses (Greifensteiner 1947), riveting of the  m arrov space with 
the  refurnishm ent of the  pseudoarthrosis (K iintscher 1955, 1964), im plan­
ta tio n  of bone m arrow  (Máthé 1960), and installing au toplastic or homeo- 
plastic bone splint (Phem ister 1957). On account of its sim plicity and  re lia­
bility  the  last is one of th e  m ost w ide-spread procedures.
In  m any cases th e  classic operative solution of Phem ister (1957), in which 
the  bone sp lin t is sim ply placed under the  periosteum , is no t satisfactory, 
b u t it is necessary to  fix i t  there, particu larly  if we w ant to  avoid shortening 
by  the  im plan ted  bone splint, or if  the  stronger bone splin t is exposed to  
m echanical wear. Most frequently  screws are used for the  fixation of 
the  bone splint.
Metals im plan ted  in the  body are in m any cases no t indifferent, p a r ti ­
cularly in places where ossification is undeveloped (Berentey 1956, Böhler 
1950, 1955, G lauber 1958, L ittm ann  1956). Therefore, m any a ttem p ts  have 
been m ade to  apply bone as a fixing m aterial in th e  form of bone rivets or 
bone screws. Lexer (1924) and Albee carried o u t bone screwing. K asth  in 
1938, Bürkle de la Camp in 1953, B ra itn e r in  1955, and Schwier in  1957 and 
1960 reported  ostheosyntheses m ade w ith bone screws. The bone set in for 
fixation secures in ternal fixation  besides the  p laster of Paris bandage. 
Even the  m acerated bone, prepared  in several ways, contains th e  factors 
necessary for osteogenesis, and it  can be sterilized and  stored  safely. There 
is no need to  remove th e  fixing m aterial. On account of th e ir properties 
m entioned briefly, the  bone screw and  bone rivet are particu larly  ap t for 
fixation and, a t  the  sam e tim e, as biological m edia in  cases of pseudoarthro­
ses (Bálint 1958, Trafas e t al. 1954, G lauber 1958, K rom pecher 1936, 
Phem ister 1957, Lange 1949, Zetkin 1958).
The fixation w ith bone screw could no t come in to  general use, because 
the  sterilizing and preserving procedure em ployed by m ost au thors m ade the 
rem oval and  prepara tion  of bones possible only under sterile conditions. 
This circum stance m ade th e  preparation  of th e  screws very difficult.
22 Symp. Biol. Hung. 323
W e rem ove th e  bone from  the  fresh cadaver under non-sterile conditions 
in th e  dissecting room . Our screws are p repared  by  a medical m echanic 
from  tib ia  corticalis, th en  th ey  are sterilized in  1% jS-propiolacton w ate r 
solution. This procedure, according to  the  d a ta  in  th e  lite ra tu re  and  our 
own experience, is perfectly  reliable, and  does no t influence the  biological 
value of th e  bone (Gerald e t al. 1955, B randstein  and  Kiszel 1960, Máthé 
I960, T rafas e t al. 1954, Záborszky and  Nyerges 1962).
The question m ay arise w hether th e  bone screw is suitable for th e  desired 
m echanical application. Also in  th is respect we have carried ou t investiga­
tions a t  th e  Technological D epartm ent of th e  Technical U niversity , B udapest 
(Jáni). The core d iam eter of th e  sm allest screw of 4-3 mm thickness used 
by us was 3-5 mm. H ere th e  average value of th e  shearing resistance was 
165 kg. The shearing resistance of th e  strongest v itallium  screw is 7 to  8 
tim es th a t  of th e  bone screw. The snapping of th e  bone screw of th is dim en­
sion needed 116 kg energy. The snapping resistance of one screw th read  
am ounts to  72-5 kg.
The assim ilation of th e  bone is th e  more rapid , th e  bigger th e  im planted 
surface is in  con tac t w ith  the  host bone. The surface of th e  bone screw 
used by  us on T5 cm length  is 6-6 cm2, while the  surface of a cylinder of the 
sam e thickness is only 1-9 cm2. The cu tting  of th e  screw th read  increases th e  
surface alm ost four times.
According to  th e  above consideration we in troduced  in  our D epartm en t 
the  use of bone screw in the  trea tm e n t of pseudoarthroses. We p a r tly  bridge 
over th e  pseudoarthroses directly  w ith th e  bone screw, e.g. th e  pseudoarthro­
sis o f th e  in terna l ankle, and  p a rtly  fix  w ith it  th e  bone sp lin t bridging 
over th e  pseudoarthrosis. We refurnish th e  pseudoarthrosis only if  reposition 
is needed, otherw ise we only bridge over th e  pseudoarthrosis w ith  the  inlaid 
bone.
The site of the  bone screw is prepared  w ith  a p rep ara to ry  drill of the  same 
dimension, th en  we drive in the  screw w ith a key th a t  can be f itte d  on the  
head of the  screw. A fter th e  installm ent of the  screw, we cu t down the  super­
ficial p a r t  of th e  screw head w ith pliers and  polish th e  surface sm ooth w ith  a 
file. A fter th e  operation we fix th e  limb in the  norm al way and  for the  usual 
tim e w ith a bandage of p laster of Paris. The postoperative trea tm en t is 
m ade in  the  w ay generally known.
The bone screws installed assim ilated undisturbed  in 6 to  8 m onths. 
W e experienced no com plication. So far we have carried ou t operations in 
cases of pseudoarthroses of th e  upper arm , forearm , th igh  bone, shin and in ­
te rn a l ankle in  21 cases, p a r tly  w ith  bone screws only and  p a rtly  combined 
w ith bone splints. In  all cases we experienced bone healing. In  addition, we 
m ade w ith  bone screw osteosyntheses as well, w ith  sim ilar good results 
(Záborszky 1962).
CASE R E P O R T S
D. J .  male, 22 years. In  N ovem ber 1960 he suffered a closed fractu re  of 
th e  righ t forearm  w ith dislocation. R eposition, p laster of P aris fixation  and  
physico therapy  were applied. On th e  ulna a pseudoarthrosis developed 
(Fig. la ) which was operated  in Ju ly  1961. We placed a bone splin t beside
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F ig. 1. Closed frac tu re  w ith  d is loca­
tion  o f th e  fo rearm . P seudoarth ro sis 
developed  on th e  u ln a  fa); ap p lica tion  
o f  a bone sp lin t fixed  w ith  fou r bone 
screw s (b); bo n y  h ea ling  o f  p seu d o ­
a rth ro s is  a f te r  10 w eeks (c)
th e  pseudoarthrosis fixed  w ith  four bone screws (Fig. lb). Functional p o s to ­
perative tre a tm e n t was given. The pseudoarthrosis showed a bony healing 
a fte r ten  weeks (Fig. lc). In  th e  seventh m onth the installed bone sp lin t
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F ig. 2. Closed frac tu re  on th e  low er 
th ird  o f  th e  h igh  bone. K ü n tsch e r 
nailing . D eve lopm en t o f  p se u d o a r th ­
rosis (a); ap p lic a tio n  o f bone sp lin t 
an d  fix a tio n  by bone screw s (b); healed  
p seu d o a rth ro s is  a f te r  7 m o n th s . The 
bone sp lin t an d  screw s h av e  been 
ab so rb ed  (c)
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and  the  bone screws became m ostly  incorporated. The function of th e  
arm  is perfect.
P . J .  male, 28 years. H e suffered a  closed fractu re  on the  lower th ird  of 
the th igh  bone as a result of an  accident. In  a country  hospital riveting 
of th e  m arrow  cavity, a fte r K üntscher, was carried out. A pseudoarthrosis 
ensued on th e  fem ur (Fig. 2a). In  May 1961 we placed a 14 cm long bone 
splint beside the  pseudoarthrosis fixed by  bone screws. The rivet of the  
m arrow  cavity  was left in its place (Fig. 2b). A fter seven m onths th e  bone 
splint and  the  bone screws assim ilated, were absorbed and  the  pseudo­
arthrosis healed (Fig. 2c). A fter th a t  we rem oved th e  rivet from  the  m arrow  
cavity. The function of the  limb is perfect.
SUM M ARY
In  the  trea tm en t of pseudoarthroses it is necessary to  com plete the  usual 
procedure of Phem ister w ith an in terna l fixation in num erous cases. Some of 
th e  fixing m aterials, however, have a  deleterious influence on the  healing 
of the  bone. Therefore, in cases of various pseudoarthroses we have so far 
carried ou t operations in 21 cases, p a rtly  w ith hom eoplastic bone screws 
alone or combined w ith bone splints. The bone screw secures in ternal fixa­
tion in addition to  its osteogenetic ability . The bone screws became absorbed 
w ithin eight m onths leaving no trace. No com plication was encountered. The 
fixation and  postoperative trea tm en t of the  limbs were carried out in the  
usual way.
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M ECHANISM  OF T H E  PH E M IST E R  O PER A TIO N
by
J . B á l i n t
NATIONAL INSTITUTE OP TRAUMATOLOGY, BUDAPEST, HUNGARY
T h e  s c e n e  of evolution of the  locom otor system  and of all m ovem ents of 
th e  individual is th e  sphere of g rav ita tion . On viewing the  moving organism  
as a  whole, th e  determ inative effect of g rav ita tion  is concealed w ith au to ­
m atism s obtained  by  th e  accom m odation of the  central nervous system . 
However, when th e  elem entary  phases of fractu re  healing are stud ied  and 
th e  fractu re  is characterized b y  the  criterion of abnorm al m ovem ent, the  
role of g rav ita tion  once again becomes conspicuous. The dynam ic balance of 
m uscular function w ith g rav ita tion  resulting  in  posture is a tta in ed  in  th e  
presence of in tac t skeleton and  in  th a t  of neurom uscular s tructu res function­
ing coordinately. In  case of th e  lesion of any  com ponent or in quan tita tiv e  
changes, g rav ita tion  has a decisive role in  the  developm ent of th e  prevailing 
situation . E x trao rd in ary  m ovem ent is also brought abou t by these changes 
in  the  broken p a r t  of th e  limb. ‘E x trao rd in ary  m ovem ent’ m eans an 
unusual stim ulus th rough  th e  afferent inform ations in th e  corresponding 
p a r t of th e  ex trapyram idal field. The answ er—coloured also by  num erous 
superpositions of pain  reflexes —will again be a relative s ta te  of b a lan ce : 
th e  factor of spastic m uscular actions and  of th e  force of g rav ita tio n  acting 
on the  limb. Since there  are no developed reflex m echanisms to  stabilize such 
a position (named pathw ays in  neurophysiology) even a fte r reduction, 
m ainly biphasic m ovem ents of sm all am plitude rem ain  a t  th e  site of the  
fracture, called inner m ovem ents or m icrom ovem ents by  clinicians. This 
phenom enon is m arked in  th e  o ther ty p e  of conservative trea tm e n t of 
fracture, nam ely in  th e  trea tm e n t by  extension. Paradoxically , these two 
m ethods could be called th e  physiologic m ethods of bone healing, and  both  
are characterized by  th e  above-m entioned m icrom ovem ents a t  th e  same 
tim e. F rac tu res in  th e  world of anim als, or fractures of hum an limbs 
diagnosed la te  or no t a t  a ll—where relatively  good healing tendency  can 
be repeated ly  experienced—also heal in th e  presence of spastic m uscular 
fixation  or ‘limb defense’, and  proof is scarcely needed th a t  inner m ove­
m ents are presen t regularly. The healing of these fractures is characterized 
by  a  calcifying shadow, recognizable roentgenographically and  nam ed callus. 
The inner m ovem ents which characterize the  physiologic healing of bone are 
regularly  connected w ith  cellular form ations of in term ediary  callus. K rom - 
pecher, a research w orker from  Debrecen (H ungary) recognized th is regu­
larity . Conditions of m ovem ent a t the  fractu re  site develop differently  if
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an operative m ethod of fractu re  trea tm en t, i.e. an  osteosynthesis is chosen. 
Morphologic signs of healing are entirely  different com pared w ith the  form er 
case. The in term ediary  phase of chondrodesm al callus regularly  following 
th e  effect of push  and  pull is om itted  if inner m ovem ents are excluded by 
stable operative inner-osseal fixation. Since roentgenogram s show different 
characteristics in clinical cases of prim ary  osseous bone healing and  of hone 
healing by  callus, so in  clinical cases of bone fractures the dom inance of 
one or the  o ther ty p e  is recognizable w ith g reat probability . Besides, every 
lim b surgeon knows the  ex ten t of m ovem ent allowed afte r an  operation on 
bone which will be q u an tita tiv e ly  recognizable in  the  callus shadow of 
certain  shaft fractures. The casual link between inner m ovem ent and the  
clinical callus on th e  roentgenogram s appears even more convincing when 
th e  roentgenogram s of such an osteosynthesis are analysed, i.e. which 
became m ovable again a fte r a  certain  period of stable, m otion-free fixation. 
This is no t rare  w ith the  so-called onlay solutions, where a really stable 
fixation  can be achieved w ith the  help of screws. Bone g ra ft or m etallic 
p late  can be used alike as an onlay m edium . A fter fractu re of the  onlay 
m ediums a t  th e  unconsolidated fractu re site, m ovem ents will appear, and 
on the  callus shadow-free roentgenogram  of frac tu re  -ty p ica l of prim ary  
osseous healing—the usual X -ray phenom enon of desm al callus will be seen.
The roentgenographic analysis of the  fa te  of such a  fracture, w ith  initial 
osseous and  la te r desm al healing, su itab ly  proves th e  casual link between 
desmal bone healing and  regular inner m ovem ents, and  a t th e  same tim e 
provides jo in t p roof of th e  thesis of K rom pecher and  K ariinger. Callus 
shadow is never observed in th e  first phase of healing, because stable inner 
fixation produces conditions of osseous healing. A fter fatigue fractu re (of 
th e  onlay), th e  m echanic milieu of the  developing inner m ovem ents m eans 
an  ind icator and  condition for desm al healing. This s ta rtin g  m ovem ent is 
th e  d irect reason of phenom ena which, as proved by K rom pecher’s studies, 
provoked a desm al ty p e  of healing. The appearance of a shadow of callus 
in  such a case is conclusive. According to  our conception, this regularity  
gives an  explanation for the  in itial phenom ena of physiologic healing of 
bone and  to  recognize th e  therapeu tic  effect of a  good osteosynthesis 
procedure.
By recognizing th a t  th e  reason of fibre form ation between th e  fracture 
ends is m ovem ent of a determ ined am plitude (K rom pecher’s recent biochem ­
ical studies have throw n light on th e  reason of fibre form ation), the  recipro­
cal effect of m ovem ent,—fibre form ation—becomes app aren t a t  once. The 
m ovem ents are m odified in  quality  and  q u an tity  by  th e  fibrous tissue, 
soft p a r t callus; th ey  gradually  decrease, i.e. the  fixation of the  fragm ents 
will be g reater and  more stable. Clinicians value and  use th is phenom enon 
of ‘springing’ as a constan tly  im p o rtan t sign in  th e  early  phase of desm al 
healing. In  th is phase in hum an m aterial, an indirect im pression can be 
ob tained  o f the  stabilizing value of osteosynthesis a t the  site of fracture. 
The ossification of th e  soft tissue callus takes place in  th is milieu of d i­
m inishing ‘springing’ m ovem ent. The fibrous tissue itself changes in to  a 
bony bridge, then  bone stru c tu re  appears betw een th e  actual ends of 
fragm ents.
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F ig. 1. P rinc ip le  o f th e  
P h em is te r o pera tion . 
On th e  freshened  cortic­
a l surface, w ith o u t e x ­
posing  th e  tissues o f 
p seu d arth ro s is , a  well- 
a d a p tin g  bone g ra f t is 
app lied
F ig. 2. P h em is te r o p e ra ­
tion  perfo rm ed  in a  c lin ic­
a l case o f p seu d arth ro s is  
o f  th e  leg. X -ray  p ic tu re  
ta k e n  5 w eeks a f te r  
opera tion
F ig. 3. Case in  F ig . 2. In  
th e  gap  o f p seu d arth ro s is  
an d  a t  th e  sites  w here 
th e  g ra f t w as w ell a d a p t­
ed, th e  tran sfo rm a tio n  o f 
the  callus in to  bone tissue 
is fa irly  visible ro en tg en - 
ograph ica lly
In  case of an  aberra tion  in th e  fractu re healing, as in non-union or 
delayed union, the  characteristic ‘springing’ m ovem ent is never present 
betw een the  bone ends in th e  pseudarthrosis. In  a case like th is th e  Phem ister 
technique or th e  sliding inlay autogenous bone g ra ft m ethod is a  well 
known procedure of healing. The essence of bo th  procedures is to  dim inish 
th e  am plitude of the  gross m ovem ents present w ith precisely fittin g  walk­
ing cast and  to  bridge the  in tac t pseudarthrosis w ith a bone splint. In  
th is respect th e  difference between th e  sliding in lay  bone g ra ft m ethod and 
th e  P hem ister procedure is only a m odification w ithout any  essential 
difference. The sliding in lay  bone g ra ft is autogenous and  no t an onlay 
as th e  P hem ister g raft. The essence of the  Phem ister technique (Fig. 1) 
was sum m arized in the  concise title  of the  paper by  th is prom inent au thor: 
1 ‘T reatm en t of non-united  fractures of long bones w ith an  onlay bone g ra ft 
w ithou t tie  or screw fixation, or w ithout breaking down th e  fibrous un ion .” 
A decisive phenom enon in botli procedures is th e  fixation of the  g ra ft to  
th e  bones of th e  non-union by locally form ed new fibrous tissue. In  ea r­
ly  non-union or delayed union the  fibrous union between bone ends 
form ed w ith  the  help of th e  g ra ft creates or a t  least im itates conditions of 
m ovem ent between desm ally healing fragm ents (Figs 2 and  3). According
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to  our experience, bo th  procedures are most reliable and  strik ingly  rap id  
healing w ith a typ ically  oval callus is no t rare. The union in the  pseudarthro- 
sis is by  scar tissue no t by  collagenous fibres, and  th e  possible m ovem ents 
are stim ulated  by  the  newly developed collagenous fibre bridge a t  th e  ends 
of th e  applied g raft. Possible m ovem ents w ithin th e  p laster cast take  place 
around the  non-union as a  fulcrum . Necessarily, there  will be a  po int in 
th e  area covered by  the  g ra ft where adequate m ovem ent will be presen t 
to  form  th e  collagenous fibres betw een th e  P hem ister g ra ft and  the 
bones of th e  non-union. F irst a collagenous bridge is produced a t th is 
po in t which determ ines th e  conditions of m ovem ent of th e  non-union 
bone ends by  the  g ra ft and  which is sim ilar in  m easurem ents to  th e  inner 
m ovem ents of a  desm allv healing recent fracture. A lthough not of conclusive 
value, th e  va lid ity  of th is hypothesis seems to  be supported  bv the  id en tity  
of the  index of elastic ity  in th e  experim ental Phem ister g ra ft and  in the 
collagenous tissue stabilizing th e  experim ental fracture.
In  the  origin and  in the  biology of th e  collagenous fibre the  structu re  
and  the  m easurem ent of the  surface are im p o rtan t factors. According to  
unanim ous clinical experience, the  desantigenized K iel-bone g ra ft w ith  its 
g reat surface is m ost suitable for the  purpose of th e  Phem ister technique.
C O N C LU SIO N S
The conservative m ethods of fractu re trea tm en t as p laster fixation  a fte r 
reduction or trea tm en t by trac tio n  and the  operation m ethod of osteosyn­
thesis form tw o sharply separated, yet equally valuable procedures. The 
connection betw een the  push-pull power effect of th e  conservative t r e a t­
m ent and  th e  regular appearance of the  chondral-desm al tran s ito ry  callus 
can be paralleled w ith th e  custom ary phenom enon of clinical roentgenology 
called ‘calcinous callus shadow ’. This clinical roentgenographic sign can 
be com prehended as a sign referring to  histological changes in th e  conserva­
tively  trea ted  fracture.
This roentgenographic phenom enon is absent, as a rule, on th e  roentgeno­
gram s of really  stable inner fixations of fractures (osteotomies, pseudar- 
throses) th roughou t th e  whole process of healing. The kind of bone regenera­
tion  tak ing  place in  a to ta lly  m ovem ent-free surrounding means the  develop­
m ent of p rim ary  osseal bone scar w ithout the  appearance of in term ediary  
callus as proved by  th e  scientific com m ittee on osteosynthesis in  Sw itzer­
lan d  (K üntscher suggests th e  term  ‘d irec t’ bone healing for th is  form, 
and  th a t  of ‘ind irec t’ form for desm al bone healing, since clinicians m ay 
m isin terpret p rim ary  and  secondary a ttrib u tes  for sterile healing or for 
healing under infectious circum stances). Thus, th e  absence of callus shadow 
during th e  whole process of healing of the  frac tu re  (osteotom y, pseudar- 
throsis) will prove the  absolute elim ination of m ovem ents and  will sim ultane­
ously prove p rim ary  osseal healing. I f  these tw o rules together explain the 
m echanism  in th e  healing of a fractu re  where a fte r the  failure of an  initially  
m ovem ent-free fixation  the  roentgenographic shadow of callus form ation 
appears, th e  theo ry  can be accepted th a t  the  beginning of desm al healing 
is s ta rted  by  inner m ovem ents. The deterioration  or to ta l ceasing of the
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blood supply is u ltim ate ly  the  d irect reason of th e  form ation of in term ediary  
fibrous-cartilaginous ty p e  of tissue. This recognition is a recent g reat result 
of the  studies of K rom pecher and  his followers.
On the basis o f the concept described above concerning the effect of the Phem is­
ter graft and its experimental demonstration by the work of this research group 
and from  its results, data are provided on the clinical form of desmal healing, 
using a biological surgical method as a model and it shows how to support 
callus formation  ‘artificially’ by the kinetic conditions of desmal healing.
E X P E R IM E N T A  L I t  ES U LTS
W e w ished to  dem onstrate , experim entally, th a t  under physiological 
conditions in  healing shaft osteotom y, a particle of a given s tan d ard  d ia­
m eter of collagenous-fibrous tissue obtainable in the  th ird  week, will exhibit 
alm ost identical physical properties, as in the  case of an  artific ial model of 
a  Phem ister operation where th e  fibrous tissue of a  sim ilar surface develops 
between th e  applied g ra ft and the  bone surface of the  pseudarthrosis.
On the  fem ur of a dog, by transverse osteotom y allowing 3 cm of overrid­
ing, a soft p a r t  callus binding th e  fragm ent was produced. By resecting the  
whole fem ur in the  th ird  week w ith the  original callus tissue in tac t, 3/4 
sectors of th e  circle were resected from  bo th  ends of the fem ur by a m otor 
saw. These tw o bone splints w ith slightly bowed segm ents were found to  
be bound together by  fibrous callus a t  the  3 cm long overriding. In  this 
callus mass a 4 m m 2 area was produced by m anipulation w ith razor blades 
(see figure), and  so th e  torsion and  stretch ing  qualities of the  collagenous 
tissue of a s tan d ard  diam eter could be studied by  an optim al leverage.
The experim ental s tu d y  of th e  Phem ister g ra ft took place in its fixing 
fibrous connection to  one of the  non-union fragm ents. A V -shaped osteotom y 
was perform ed a t the  middle of th e  femoral shaft of a dog and  th e  distal 
fragm ent was fu rther cu t to  form an obtuse V-angle. Desmal healing could 
be produced by  an in tram edullary  K irschner wire fixation  for in case of a 
given spasm  th e  healing of a precisely m ade V -osteotom y used to  show ra th e r 
th e  osseal ty p e  of d irect healing. In  the  second week, initial springing was ob­
served by  physical exam ination, fibrous tissue was in jured under narcosis by 
slight trac tion  and m oderate torsion and  flexion m ovem ents of 25 to  30° in all 
directions. This was repeated  twice every  te n th  day, and  so the  ra th e r loose 
passive m otility  ending in  abou t 20° jo lts—typical o fnon-un ion—was p ro ­
duced. Then a  Phemister graft, overlapping th e  site of the  osteotom y by 4 cm on 
each side, having a w ell-fitting cancellous surface was applied, and  so fibrous 
connection was brought abou t am ong th e  ends of the  Phem ister g ra ft and 
the  fixed fragm ents of the  femoral shaft in the  milieu of the  system  charac te r­
ized by non-union m otility . Three weeks a fte r the  second operation, the 
whole shaft-Phem ister g ra ft system  was resected. A fter having rem oved the 
in term edullary  wire, the  non-union tissue was cu t cross-wise w ith  a sharp 
blade as far as the  P hem ister g raft. Then the fibrous connection was sharply  
severed by  leading th e  blade fla tly  betw een th e  Phem ister g ra ft and  the  
contact surface of th e  d istal fragm ent. By th is  m ethod, an  essentially
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sim ilar p repara tion  was produced to  the  one used in th e  s tu d y  of callus 
form ation betw een overriding fragm ents. The isolation of a  sim ilar tra n s ­
verse sector of th e  callus tissue was com pleted—as in th e  caseof the  fracture 
p rep ara tio n —and  this was studied in th e  same way as earlier. The graphic 
representation of the  regu larity  of th e  elastic dem and gave a  graph and 
its  characteristics could be recognized by  m athem atical analysis. By a 
sim ilar graph, the  degree of m ovem ent following the  application of the 
torsion force on the  fibrous mass could be represented, and  th is again was 
analysed and  its  characteristics were revealed. A com parison of the  charac­
teristics of the  tw o curves confirmed th e  id en tity  of the  m ateria l obtained 
either from fibrous fractu re  callus or from callus tissue fixing a Phem ister 
g raft.
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HEALING OF PATELLAR AND TIBIA L FRACTURES
by
J . R igó
CLINIC OF ORTHOPAEDICS, UNIVERSITY MEDICAL SCHOOL 
DEBRECEN, HUNGARY
I n c r e a s i n g  a tten tio n  has been directed  recently  to  the  biom echanical aspect 
o f fractu re  trea tm en t, in  addition to  the  m echanical factors. Num erous 
au thors (Perkins, Fairbanks, Apley, Andreesen, etc.) have given preference 
to  functional trea tm en t to  avoid the  dam aging effect of the  p laster bandage 
(atrophy, arthrofibrosis) on th e  soft p a rts  and joint. The basis for th is p rac ­
tice was provided by th e  observation th a t  a t certain  sites of th e  organism  
(rib, clavicle, shoulder-region and  knee region) th e  healing of fractures 
occurs more readily  th an  in others. This ‘segm ental’ p roperty  of fractures 
has been discussed in  detail by  Professor P ap  (see p. 137) On th e  basis 
of th is concept, a trea tm en t em ploying directed active m ovem ent has been 
developed in our Clinic. The essence of the  trea tm e n t is th a t  a t those sites 
of th e  organism  where there  is a  tendency  to  fast recovery, th e  therap y  
of m ovem ent should be em ployed instead  of im m obilization. In  such cases 
th e  effect of function asserts itself no t only in the  adequate ac tiv ity  of the 
soft p a rts  (muscle, joint), b u t also an  earlier healing m ay be obtained. 
V ascularization seems to  have an  im p o rtan t role in  th is process. A close 
in terre lation  was found to  exist between vascularization and  frac tu re  heal­
ing; good healing being obtained  where vascularization was likewise good, 
while in fractu res where the  vessels were dam aged (e.g. in th e  upper th ird  
of the  tibia) the  form ation of the  callus was delayed (Figs 1 and  2).
By em ploying our trea tm en t, we succeeded in restoring perfect function 
(capacity for work) w ith healing n o t only a t th e  sites of th e  organism  w ith 
good tendencies for recovery, b u t i t  was successfully applied in  cases of 
p ate lla  fractu res which have, so far, always been indications for surgery. 
A t present, directed active m ovem ent is em ployed in  such pate llar fractures 
where the  dislocation does no t exceed 8 mm, i.e. where re tinacula rem ained 
in tact. Following drainage of the  haem atom a and  application of a  pressing 
figure-of-eight-bandage, the  p a tien t begins to  move his in jured  leg on the 
th ird  or fourth  day  (Fig. 3). The p atien ts  usually  get up and  walk in the  
th ird  week. In  cases of extensive dislocation and  ru p tu re  of the  retinacula, 
surgical in tervention  (cerclage) is perform ed, b u t no p laster cast is placed 
on th e  leg. F u rth er on, th e  trea tm en t is sim ilar to  th a t  of non-operated  
patients. The average du ra tion  of healing of our 31 pa tien ts w ith patellar 
fractu res was 43 days, and  so the  p atien ts  were able to  resum e work in 
th e  six th  week. W ith th e  conventional trea tm en t em ployed formerly, only
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F ig. 1. Schem e of b lood  su p p ly  o f th e  
tib ia . I n  case o f  in ju ry  o f  th e  a r té r ia  
n u tr i t ia  in  th e  u p p e r th ird , callus 
fo rm ation  is de layed
th e  p laster was kept on for six 
weeks and  the  p o st-trea tm en t 
(hath, exercise) lasted for 3 to  4 
weeks.
In  the  experim ental studies of 
K rom pecher anti P ap , pate lla  
fractures were exam ined in dogs 
where no fixation  was perform ed. 
I t  was histologically evidenced 
th a t in such cases connective tis ­
sue developed betw een the  frac­
tu red  bone ends leading to  des- 
mal bone form ation.
The concept of regarding the  
frac tu red  bone as a p a r t  of its 
surroundings prom pted  us to  em ­
ploy directed active m ovem ent 
in cases of fractures of the shaft 
of the  tib ia  (middle and  lower 
th ird) as well. Such fractures h av ­
ing a reduced tendency  for heal­
ing should be fixed. H ere we had 
to  solve the  apparen tly  con trast­
ing problem s th a t  th e  fractu re  
required  rest, i.e. fixation, while 
the  ad jacen t jo in t and  soft parts  
needed m oving. R est was ensured 
by reposition and  diafixation  and 
by application of p laster cast on 
three fixed sites and extension 
(Figs 4 and  5). The plaster cast 
leaves th e  knee and  ankle free, so 
th a t the  p a tien t can move his 
limb, and  blood circulation and  
ac tiv ity  of th e  muscles and jo in t 
are no t inhibited . I t  was surpris­
ing to  see some of our patien ts 
raising th e ir limbs on th e  th ird
F ig . 2. F ra c tu re  o f th e  u p p e r  th ird  o f 
th e  tib ia . N o callus fo rm atio n  is visible 
10 w eeks a f te r  th e  acc iden t
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F ig. 3. T re a tm e n t o f p a te lla r  f ra c tu re  w ith  d irec ted  ac tiv e  
m ovem ent
F ig . 4. Schem e o f  t r e a tm e n t o f 
fra c tu re s  o f  th e  sh a f t o f th e  tib ia  
acco rd ing  to  H ip p o c ra te s . The 
p rinc ip le  o f  th e  t r e a tm e n t to  
leave th e  jo in t free is w o rth y  
o f  in te rest
F ig. 5. F ra c tu re s  o f  th e  sh a f t 
o f the  tib ia , schem e o f  t r e a t ­
m en t (d ia fix a tio n , ex tension  and  
p la s te r  cast). D ia fix a tio n  m ay  
som etim es be d iscarded , since 
th e  co rrec t a d ju s tm e n t o f th e  
p la s te r  bandage  w ith  3 p o in ts  
o f f ix a tio n  ensures a d e q u a te  
fix a tio n  o f  th e  rep laced  bone 
ends. A  zinc-oxide ban d ag e  is 
app lied  to  1 th e  leg to  p re v e n t 
sw elling
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F ig. 6a.Treatment of typical fracture of the shaft of the tibia with 
directed active movement
Fig . 6b. Fracture of the shaft o f the 
tibia with typical displacement
F ig. 6c . After treatment (diafixation, 
plaster cast and extension)
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F ig . 6d. After recovery (10 weeks follow­
ing the fracture)
or fou rth  day. This is evidence th a t the frac tu red  bone ends were kept 
together well by  diafixation. A fter rem oval of the  nail, usually  in  the  
fifth  week, th e  patien ts are able to  walk w ithout weight-bearing. The ro en t­
genogram s tak en  on th e  six th  week reveal good callus form ation between 
th e  frac tu red  bone ends. On rem oving th e  p laster cast in th e  eighth  week 
from  p atien ts  w ith fractures of th e  shaft of th e  tib ia , th ey  were able to  
resume work in the  eleventh or tw elfth  week (Fig. 6). Thus, th e  question 
w hether the duration  of tim e necessary for healing of fractures can be sh o rt­
ened or not, can be positively answered. This result is due to  th e  fact 
th a t  the trea tm en t em ployed by us conforms to  th e  segm ental biological 
milieu of the  limb.
The basic principles established by Böhler are still valid in certain  definite 
segm ents of the  limbs.
B y atta in ing  the  biological equilibrium  of m ovem ent and  rest, b e tte r 
results m ay be obtained in fractu re healing if, in addition to  mechanical 
factors, the  biom echanical aspects are also tak en  into consideration.
2 3  Symp. Biol. Hung. 3 3 9
F ig. 6e. The injured leg is healed, the 
patient is able to work

Syrnp. Biol. H ung ., 7, pp . 341 349 (1967)
ALLOPLASTICS AND CALLUS FORMATION 
by
J . Gaál
CLINIC OK ORTHOPAEDICS, UNIVERSITY MEDICAL SCHOOL, DEBRECEN, HUNGARY
T h e  im p o r t a n c e  of callus form ation is evident n o t only in th e  tre a tm e n t 
of fractures b u t also in orthopaedic corrections, filling up of defects and  in 
o ther respects as well.
In  th is work we rep o rt on the  effect of acry late  on callus form ation. We 
use th is m ateria l chiefly to  fill up defects which have resulted  from  resection 
or excochleation of bone tum ours, m ostly of osteoclastom as.
The bridging of gaps is sometimes perform ed by  em ploying cancellous 
bone grafts which are able to  produce active bone besides having a stim ulat- 
ing effect on bone induction. However, th is is n o t desirable in case of tum ours 
since it  increases tissue irrita tio n  present in the  bone in th is hyperactive 
sta te . Moreover, th e  g rafted  bone is destroyed by  osteoclasts—as Janasek  
dem onstrated  a t th e  Orthopaedic Congress in B udapest (1961). The cortical 
bone g rafts have only an  inducing effect on ossification and th e  lyophilized 
bone, though having a more reduced effect on bone induction, is rap id ly  
broken down. In  addition, th e  possibility of m alignant degeneration is the  
sam e as in th e  case of cancellous bone grafts.
The unsatisfactory  results experienced in filling bone defects p rom pted  
us to  in troduce the  use of acry late  prosthesis by which the  tum orous cells 
(viruses?) do not pene tra te  and  i t  causes no tissue irrita tion  of m alignant 
degeneration.
In  th e  beginning we em ployed acry late  in jo in t replacem ent b u t it  proved 
to  have a  strong calcifying effect which greatly  reduced the  result ob tained  
in stability . Therefore, th e  acrylate has been used chiefly in the  diaphyseal 
and  m etaphyseal p a r ts  of long bones where, a fte r a re la tively  sho rt tim e, 
th e  acrylate was found to  be surrounded in a sheath-like way by a periosteal 
callus originating from  the  bone. L a te r on th is periosteal callus developed 
to  a reaction-free com plete bone tissue.
These observations have been verified histologically in 2 cases. In  the  
firs t case an  excision was m ade when th e  K iin tscher nail used for in terna l 
fixation  was removed. In  th e  second case the  m aterial originating from  beside 
th e  acrylate prosthesis was obtained by th e  post-m ortem  exam ination of 
th e  p a tien t who com m itted  suicide eight years a fte r th e  operation. These 
cases are illu stra ted  in Figs 1 to  15.
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Fig . 1. Osteoclastoma of the righ t femur
Fig. 2. On the roentgenogram taken 
immediately after the operation, the 
Kiintscher nail (a) and the external 
splint with screws (b) are fairly well 
visible (the acrylate does not give an 
X-ray shadow)
F ig. 3. A fte r 3 y ears  a  s tro n g  an d  stab le  
callus h a s  developed a d ja c e n t to  th e  
ac ry la te  (the  K ü n tsc h e r n a il in  th e  
u p p e r p a r t  o f th e  p ro sthesis h as suffered 
fa tigue  frac tu re )
F ig. 4. Complete function of the extrem ity after operation
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Fig. (j. One year after the 
introduction o f acrylate 
prosthesis. The narrow 
sheath-like callus is fairly 
well visible
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Fig. 5. Osteoclastoma almost completely destroying the condyle ol tlie leit tibia
up to the cartilage border
F ig. 7 Perfect knee func­
tion (the patient is em ­
ployed in heavy agricul­
tural work)
F ig . 8. O steoclastom a of 
th e  le f t m ed ia l ank le  d e ­
s tro y in g  th e  bone u p  to  
th e  ca rtilage  border
F ig. 9. Im plan ted  ac ry la te  
p ro s thesis  w ith  sp lin t and  
screw  fix a tio n
l®;
F ig. 10. Weight bearing; satisfactory function of the ankle
F i g . 11. Osteoclastoma of the radius in 
the vicinity of the joint
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F ig. 12. Six months after operation, 
satisfactory callus has developed beside 
the acrylate
F ig. 13. Condition after removal of 
Klinischer nail used for int ernal fixation
F ig. 14. Very good wrist function
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Fig. 15a. Histological picture of the 
reaction-free callus tissue, taken from 
the vicinity of the acrylate
Fig . 15b. H isto­
logical picture of 
the reaction-free 
callus tissue, 
taken from the 
vicinity of the 
acrylate
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S U M M A R Y
A crylate prosthesis has been em ployed to  fill defects which resulted  a fte r 
ex tirpa tion  of bone tum ours. The procedure resulted in  the  form ation of 
a fully developed bone tissue in  the  vicin ity  of the  acrylate giving more 
stab ility  of th is g raft. No recurrence or m alignant degeneration was encoun­
tered.
According to  the  good results ob tained  w ith acrylate prosthesis, th e  use 
of th is alloplastic is recom m ended in cases of filling bone defects.
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SOME INV ESTIGATIONS CONCERNING T H E  H E A L IN G  
OF BO N E FR A CTU RES TR E A T E D  BY CORTICAL F IX A T IO N
by
T . G y . I l l é s
TRAUMATOLOGICAL DEPARTMENT, II. SURGICAL CLINIC
J .  S o m o g y i
X-RAY DEPARTMENT, I. SURGICAL CLINIC
O. Slnkó
X-RAY DEPARTMENT, II. SURGICAL CLINIC
K . T ó th
TRAUMATOLOGICAL DEPARTMENT, II. SURGICAL CLINIC 
UNIVERSITY MEDICAL SCHOOL, PÉCS, HUNGARY
Co r t ic a l  fixation is a  percutaneous m ethod. Em ploying it, th e  fixation 
is perform ed w ith special compression nails which clutch th e  surface of 
the  bone for th e  purpose of pressing th e  surfaces of the frac tu re  together. 
During compression, th e  unevenness of the  frac tu red  surfaces satisfactorily  
hinders any  slips (Fig. 1).
W ith  cortical fixation  effective im m obilization andan  absolute reposi­
tion  can be attained . We should like to  dem onstrate briefly their application in 
some cases.
A t the  fractu re  of larger bones th e  application and  tem porary  fixation 
of the  nails can be a tta in ed  by  employing ano ther kind of compression 
apparatus (Figs 2 and  3). On th e  heads of the  nails there are broad  screw 
plates which will be fastened by th e  p laster for the  purpose of final fixation. 
A fter th e  drying of the  p laster bandage, the  compressor is rem oved from 
the nails.
In  the  case of phalanx fracture, th e  cortical fixation can be carried out 
w ith a simple compression clam p (Fig. 4).
The illustrations dem onstrate  th a t  a fte r a satisfactory  application of 
cortical fixation, consolidation ensues practically  w ithout a trace. The 
period of consolidation is th e  same as th a t a fte r a fractu re  w ithout disloca­
tion  of a  simple crack. The functional healing of th e  ex trem ity  sometimes 
occurs m ore rapidly  a fte r cortical fixation  th a n  in  th e  case of fractures 
w ithout dislocation; presum ably  because a fte r cortical fixation  it is not 
necessary to  em ploy th e  p laster bandage for such a long tim e or to  such a 
g reat ex ten t.
The im portance of functional exercises cannot be underrated . Such 
exercises em ployed prudentia lly  in th e  trea tm en t of fractures fixed cortically 
are ju st as im p o rtan t healing factors as the  perfect ad ap ta tio n  itself. I t  
m ay occur th a t  functional healing is p ro trac ted  no t only a f te r  cortical 
fixation b u t also a fte r the  use of o ther m ethods. The contractures dissolve
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Fig . 1. Complete olecranon one-piece fracture before (a), during (b), and after (c) 
cortical fixation; 6 months after treatment (d) the structure of the bone has been 
completely re-organized. No signs of callus formation
w ith difficulty  and the  swelling disappears more slowly. I t  was conspicuous 
th a t  in such cases th e  ex ten t of th e  callus form ation was g reater every 
tim e th an  expected. This extensive callus form ation was very  rarely  preced­
ed by  an extensive frac tu re  haem atom a. W ith  regard  to  contractures, 
the  delay of operation caused p ro traction  of functional healing if also 
strong haem orrhage was present. B u t th is prolonged functional healing 
occurred alm ost in every case when th e  patien ts  were re lu c tan t to  perform  
the  exercises or com plained on account of them . Such com plaints were 
generally voiced during th e  firs t days of the  in ju ry  or operation, while 
th e  o ther extrem e was to  overdo the  required  exercises. In  the  la tte r  case 
sometimes a loosening of th e  fixation  ensued. B u t in every case leading 
to  prolonged functional healing there was an  unusually  enlarged callus 
form ation w hether ad ap ta tio n  or fixation  deterio rated  or not.
Because of the  fact th a t  the  larger callus is in  connection w ith th e  undesir­
able exercises in the  early  period, it  m ay be presum ed th a t  the  well-known 
dynam ic stim uli p lay  a role in  its developm ent. I t  m ay also be th a t  local 
circulatory  disturbances contribu te to  its appearance. Since there is no 
m anifestation of insufficiency in ad ap ta tio n  of fixation in m ost cases, 
th e  ex ten t of th e  callus is due to  the  dynam ic stim ulus which effects not
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F ig . 2. C om pressor w ith  nails  an d  fix a tio n  p la te s  (a). C ortical fix a tio n  in 
fra c tu re s  o f  th e  tib ia  (b). Y -shaped  co n d y la r fra c tu re  o f th e  h u m eru s fixed
co rtica lly  (c)
F ig. 3. X-ray picture of leg fracture before (a) cortical fixation, after operation (b) 
and after removal o f the plaster (c); minimal callus formation
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3WSmemk Fig. 4. Spiral phalanx frac­ture (a), after cortical fixa­
tion (b).
only th e  fractu red  bone b u t also th e  in jured  soft tissues. The question m ay 
be raised w hether th e  enlarged callus is necessary concerning consolidation 
or not.
In  case of healing w ith some slip of the  fracture, the  presence of the  en ­
larged callus form ation m ay undoubted ly  be im portan t, since th e  consolidat­
ion arises on account of its mass. In  case of perfect adap ta tion , a sm aller 
b u t qualita tively  b e tte r  callus elicits consolidation.
A fter the  th ird  or fou rth  week the  exercises are no t connected w ith 
sim ilar callus form ation or delayed functional healing. This warns us to  
p ay  a tten tio n  n o t only to  th e  fractu red  bone, b u t also to  soft tissues su r­
rounding it. The absorption of the  frac tu re  haem atom a can be ensured well 
by  the  in jured  muscles and  circulation only if th ey  have overcome the  lesion 
caused by  the  in jury . F or th is  reason these tissues also require care. Since 
the  negative result of early  functional exercises m anifests itse lf no t only 
as an  undesirable callus form ation b u t also as a p ro trac ted  functional 
result, it  m ust be assum ed th a t  th is occurs because of th e  dam age of the 
so ft tissues.
354
F ig . 4. T he in ju red  hand  
w ith  th e  com pression 
c lam p on  a  p ro tec tiv e  
sp lin t (c). A fte r consoli­
d a tio n  w ithout d islocation  
an d  callus (d)
On account of early  d isproportionate exercises, a secondary dislocation 
and  an enlarged callus form ation arise in very in teresting correlation. The 
p a tien t was ad m itted  because of a leg fracture. Cortical fixation was carried 
out. A t the  tim e of th e  procedure the  fissure was no t detected  and slipped 
ap a rt during th e  exercises. Consequently, the  previously replaced and  fixed 
fractu re p a r t slipped ap a rt, too. A fter th is a massive callus developed in 
th e  th igh  where the  p a tien t had suffered slight contusion. This massive callus 
was the  result of forced exercises dem anded by  the  functional trea tm en t 
of the  leg. A fter the  fractu re  had been trea ted  repeatedly  w ith g reat care, 
it healed w ith a relatively sm aller callus, b u t the  functional healing was 
delayed (Fig. 5).
The above case proves th a t  dynam ic em ploym ent elicits callus not only 
in th e  bones b u t also in the  soft tissues if  th ey  are dam aged. In  such a place 
th ere  is no need of a callus. I t  is our task  to  prom ote th e  conditions for 
regeneration, i.e. reposition, fixation and  to  facilitate th e  circulation. In 
th is respect th e  soft tissues should no t be neglected either, because too 
early  activization m ay be injurious.
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F i g . 5. A p p a ren tly  sim ple 
sp ira l leg  fra c tu re  (a), 
a f te r  th e  f irs t  tre a tm e n t
(b ) . The fra c tu re  slipped  
a p a r t  and  th e  fra c tu re  
line app ea rsed  w hich had  
been inv isib le  p rev iously
(c) .
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F ig . 5. After cortical fixa­
tion performed repeatedly
(d) . T he fra c tu re  healed  
w ith o u t d is location  w ith  a  
com parative ly  small callus
(e) . A n  enorm ous callus 
fo rm a tio n  in  th e  m uscle 
o f  th e  th ig h  w ith o u t a
fra c tu re  (f).
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I1're . 6. P a r t ia l un ion  a f te r  in n e r fra c tu re  o f th e  ank le  (a). A sim ilar union a f te r  inve te r-
a ted  frac tu re  (b)
Fig. 7. A 2-year-old radius- 
head fracture with lack of 
bone union, treated in the 
usual way without no­
table effect
F ig. 8. P seu d o arth ro s is  
o f  th e  scapho id  w ith o u t 
essen tia l a rth ro s is  o r fu n c ­
tional dam age , a rising  
from  in ju ry  su s ta in ed  30 
y ea rs  p rev iously
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W ith regard  to  cortical fixation  it  was observed th a t  jo in t fractu res 
consolidated in  every case, so th a t  the  supply of blood to  the  hone was 
no t im proved by fixation. This is th e  case of th e  scaphoid. Sometimes 
th e  bone union developed only partia lly  owing to  th e  fractu red  surfaces. 
In  the  case of inside fractu re  of th e  ankle, a  pseudoarthrosis appears, 
usually because of periostal in terposition (Fig. 6). A fter cortical fixation 
lack of consolidation was never observed in such cases. In  a  few cases 
th e  bone union developed only partia lly , b u t th is lack of bone union some­
times ensues in  the inner -part of the fracture where the interposition mention­
ed above could be expected to occur, b u t only a t  th e  site of the  jo in t. In  the  
case of fractu re or pseudoarthrosis of th e  scaphoid, a cyst form ation occurs 
a t the  line of the  fracture. A lack of union can often be observed in elbow- 
jo in t fractures, too (Fig. 7).
Such a pseudoarthrosis is no t accom panied by  the  arthrosis of the  
jo in t (Fig. 8).
As a resu lt o f these findings it can be concluded th a t th e  synovia of the  
jo in t can inh ib it consolidation. This inh ib itory  substance m ay p reven t 
arthrosis, b u t also prom ote the developm ent of pseudoarthrosis. On account 
of the compression, however, th is substance cannot affect th e  fractu red  
surfaces, so th a t  pseudoarthrosis cannot ensue a fte r cortical fixation is 
applied perfectly. Perhaps th e  unfavourable healing tendency  is a result 
of the  developm ent of pseudoarthrosis, or a renewed ru p tu re  of th e  knee­
cap and olecranon, in fact, of th e  appearance of necrosis of th e  femoral 
head as well as of the  femoral neck.
Because of th e  na tu re  of its properties it m ay be w orth while to  clarify 
its  biological effects, in fact, to  isolate it  for th e  purpose of trea tin g  arthrosis 
w ith  its aid.
The findings m entioned above are im p o rtan t observations obtained in 
cortical fixation  bu t, ap a rt from  these facts, cortical fixation solves o ther 
problem s, too, which are connected w ith  fractures. In  the  first place, open 
and  inflam ed fractures present difficulties which cortical fixation  can over­
come. In  th is case healing can be a tta in ed  by im proving th e  circulation 
bo th  of the  bone and  of th e  soft tissues.
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EFFECT OF DRUGS INFLUENCING VASCULARIZATION 
ON CALLUS FORMATION
by
I. F ö l d e s , J .  F e h é r  and P . R á d a y
DEPARTMENT OF ANATOMY, HISTOLOGY AND EMBRYOLOGY 
UNIVERSITY MEDICAL SCHOOL, DEBRECEN, HUNGARY
N u m e r o u s  experim ental d a ta  (Ladányi and  H idvégi 1954, T ru e ta  and 
Cavadias 1955) and clinical experience (H arris and  Hobson 1956, Hellstadi- 
us 1950, H iertonn  1957, etc.) indicated  th a t  a  close correlation exists 
betw een frac tu re  healing and  vascularization. According to  K rom pecher 
(1937, 1956), chondral ossification is a ttr ib u ted  to  vascular pauperization 
ensued under th e  influence of mechanical stresses (compression).
In  the  present experim ents the  effect of local adm in istration  of vaso­
active substances on the  processes of callus form ation was investigated.
The experim ents were carried ou t on 144 albino ra ts. The left fem ora 
of the  ra ts  were fractu red  and  the  bone ends were fixed by  a  special cannula 
which, besides fixation, perm itted  prolonged local adm in istration  of drugs. 
One group of ra ts  were given 0-1 m g/rat norndrenalin, a second group receiv­
ed 5-0 m g/rat acetylcholine and  a th ird  group was trea ted  w ith 5-0 m g/rat 
histamine, in daily doses. The fou rth  group served as control. The ra ts  
were killed a fte r 7, 10, 14, 17, 21 and 28 days of trea tm en t. The rem oved 
callus specimens have been exam ined by  histological and  histochem ical 
m ethods.
Some ra ts  were in jected  w ith In d ia  ink prior to  killing.
In  the  7 -day-stage a fte r fracture, th e  ingrow th of vessels from  th e  perioste­
um  was inh ib ited  owing to  th e  effect of noradrenalin. Consequently, a large 
cartilage islet containing acid m ucopolysaccharides appeared. In  the  
groups trea ted  w ith acetylcholine and  histam ine there  was a m arked in ­
grow th o f capillaries. The vessels were to rtuous w ith  wide lum ina. The h isto ­
logical sections showed th a t  in these cases th e  callus consisted of a denser 
connective tissular g ranulation  tissue. Cartilage form ation was strik ingly  
inh ibited  (Fig. 1). F ourteen  days a fte r fractu re  the  vasoconstriction and, p a ­
rallel to  it, th e  ex ten t of th e  cartilage islet showed a fu rth e r increase. Ca- 
pillarization increased due to  the  effect of acetylcholine and  histam ine, 
though th e  ingrow th of th e  vessels was no t uniform . Cartilage appeared  in 
th e  vicinity  of the  frac tu red  ends, a t  sites where the  vessels were absent. 
The ex ten t of th is cartilage is even sm aller th an  th a t  of the  controls. In  the  
acetylcholine-treated  ra ts, and  p a rtly  in those tre a ted  w ith histam ine, ossifi­
cation proceeded rapidly. In  the  28-day-stage th e  vascularization of the  
callus—due to  noradrenalin  trea tm en t — was found to  be poor com pared 
w ith th a t  of th e  controls or acetylcholine-treated  ra ts. Consequently, the 
am ount of persisting cartilage is considerable. The calluses in the  controls,
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F i g . 1
and especially in  th e  ra ts  tre a ted  w ith acetylcholine and  histam ine consist 
m ostly  of new spongious bone.
According to  these experim ental results, local noradrenalin  trea tm en t 
has an inhibiting effect on th e  vascularization of callus by which the  ex ten t 
of cartilaginous callus is increased and fracture healing is re tarded . A cetyl­
choline and histam ine trea tm en t resulted in an im provem ent of vasculariz­
ation of the  callus by which only a m inim al cartilaginous callus is produced 
and  a t  the  sam e tim e ossification was increased.
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T h e  r o l e  of m echanical factors in ossification has been investigated  by 
num erous authors, especially since K rom pecher’s experim ental results 
(1937, 1943). The investigations of O berdahlhoff (1948), Yamagishi and 
Y oshim ura (1956) and  others confirm ed the  role of pressure in cartilage 
form ation, while for o ther au thors the  role of pressure in cartilage induction 
is questionable (Matzen 1955, K ariinger 1957).
The purpose of our investigations was to  stu d y  the  role of pressure in 
callus form ation. The experim ents were carried ou t on 24 dogs. A V-shaped 
fractu re  was produced on the  tib ia  of the dog. The frac tu red  ends were 
fixed by  a transversal wire and  a pressure of 8 kg was applied on them  
by a  device provided w ith a  spring. The stages of 10, 14, 21, 28, 35 and 
42 days were investigated  by  histological and  histochem ical m ethods. 
These stages are schem atically represented in  Fig. 1.
In  th e  10-day-stage the  broken bone ends were found to  be in com plete 
apposition w ith  a m inim al haem atom a between them . In  th e  developing 
new spongious bone substance of the  ex ternal callus connective tissue was 
visible.
In  th e  14-day-stage the  haem atom a was still visible between th e  frac tu r­
ed  ends. Cartilage m ade its appearance in the  ex ternal callus. The in ternal 
callus consisted of granulation tissue.
In  th e  21-day-stage cartilage appeared in the  in terna l callus as well. 
A t the  frac tu red  ends necrotic bone and  slight am ount of connective tissue 
was dem onstrable.
In  th e  42-day-stage bo th  the  ex ternal and  in ternal callus consisted of 
young spongious bone substance.
B y histochem ical reactions, acid mucopolysaccharides were dem onstrated  
in accordance w ith the  ex ten t of cartilage.
According to  our results, the  granulation  tissue is gradually  replaced 
by cartilage, firs t in the  ex ternal then  in th e  in terna l callus. In  la te r stages 
the  cartilage is su b stitu ted  by  a new spongious bone substance. U nder the  
p resen t experim ental conditions no cartilage form ation was observed be­
tw een the  frac tu red  com pact bone ends.
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F ig. 1. Schematic illustration of the 
different stages of callus formation un­
der the influence of pressure; 1 =  ap­
proximately 10 days after fracture: cora- 
1 pression forces are transmitted by the 
compacta; no cartilage (no preformative 
tissue), 2 =  approximately 2 to 4 weeks: 
compression forces are transmitted by 
spongious bone trabeculae; cartilage has 
appeared (preformative tissue exists); 
the broken bone ends are necrotized; 3 
=  approximately 6 weeks: compression 
forces are transmitted by completely 
_ developed new bone trabeculae; the
cartilage islets are ossified
Compact bone Cartilage
Spongious bone
□  Necrotic bone
Connective tissue 
int.
Connective tissue 
ext.
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PHOTOELASTIC INVESTIGATIONS ON D IFFE R EN T 
GELATIN SAMPLES
by
S. J u h á s z
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and
S t . K r o m p e c h e b
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I n  t h e  c o u r s e  o f  t h e  c a u s a l  a n a l y s i s  o f  t h e  f o r m a t i o n  o f  n e w l y  d i f f e r e n t i a t e d  
c a r t i l a g e ,  t h e  q u e s t i o n  a r o s e  w h e t h e r  t h e  s t r e s s  c a u s e d  b y  c o m p r e s s io n  
i s  n e c e s s a r i l y  i d e n t i c a l  o r  i t  m a y  b e  d i f f e r e n t  a t  d i f f e r e n t  l e v e l s  o f  t h e  g r a n u l a ­
t i o n  t i s s u e  l a y e r  (1000 t o  1500 u t h i c k )  c o v e r i n g  t h e  i n j u r e d  b o n e  s u r f a c e  
f a c i n g  t h e  a r t i c u l a r  c a v i t y .
On th e  basis of his p reparations dem onstrating  vascular constriction 
and  occlusion increasing in each layer, as well as of the  consistent appearance 
of the  cartilage islet in  the  lowest layer, K rom pecher (1958) came to  the 
conclusion th a t  the  stress m ust be different in different depths of th e  g ran u la­
tion tissue. On the  contrary , Pauwels (1960) claimed, referring to  rules 
of hydrom echanics, th a t  th e  stress should be identical everywhere in  the  
granulation tissue. K rom pecher and  T ó th  (1964, 1965) dem onstrated  in 
experim ents on a gelatin  model, containing a  capillary netw ork (rubber 
tubes), th a t  the  stress acting on a circum scribed area spreads w ith  decreas­
ing in tensity  on account of the  elasticity  of th e  m edium . Pascal’s law does 
not hold for the  granu lation  tissue, since it  is no t a flu id  and  is no t con­
tained  in  a  closed system .
In  the  course of the  discussion arose the  necessity of perform ing pho to ­
elastic exam inations on sim ilar models, as th e  above problem  can also 
be decided experim entally  by  using photoelastic m ethods. The essence of 
the  photoelastic m ethod is to  investigate stress d istribu tions in  an optical 
way. The basis of th e  m ethod is th e  fact th a t  a body isotropic for polariz­
ed light becomes anisotropic if  subjected  to  m echanical stresses. The so- 
called photoelastic p ictu re appearing in  polarized light depends on the 
stress d istribu tion  induced by outer forces. The density  of a tran sp a ren t body 
subjected to  mechanical load will be different in  the  directions of the  differ­
en t principal stresses, so th e  velocity of th e  polarized light will also differ, 
the entering polarized beam  will be split in to  com ponents of th e  directions 
of th e  principal stresses. So a  phase difference arises betw een the  com po­
nents of th e  emerging light vector, and  the  photoelastic p ictu re appears as 
a  result of th e  interference between these com ponents. This p ictu re consists 
of coloured lines or bands and  black lines or points in the  case of white 
light, while it  consists of black lines or bands, black points in the  case of 
m onochrom atic light (Coker and Fiion 1931).
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F ig. 1. T he p h o to e lastic  p ic tu re s  show  d iffe ren t d is tr ib u tio n s  o f stress  a t  d iffe ren t 
d e p th s  o f  th e  sam ples; a  =  2-5%  g e la tin  so lu tion . T em p era tu re : 22 ±  1 °C. L oad ing  
a b o u t 50 g; b  =  5%  g e la tin  so lu tion . T em p era tu re  22 ^ 1  °C. L oad ing  ab o u t 50 g;
368
Ki g . l . o =  10%  ge la tin  so lu tion . T em p era tu re : 22 ±  1 °C. L oad ing  a b o u t 250 g; 
d =  20%  gela tin  so lu tion . T em p era tu re : 25 T 1 °C. L oad ing  a b o u t 250 g
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In  order to  decide the  problem  in question, it  is not necessary to  tre a t 
i t  quan tita tively , a lthough it is no t difficult in simple cases (Jessop and 
H arris 1960). I f  a loaded sam ple, approaching more or less the  real situation , 
exhibits photoelastic p icture th rough  crossed polarizátor and  analizátor 
in polarized light, Pascal’s law does no t hold for such system s (if it  does, 
th e  stra in  d istribu tion  is isotropic !)
The models were prepared  of gelatin-w ater solution containing 2-5 to  
20%  gelatin . The solution was poured in to  a m ould m ade from plexi 
glass. The m ould was no t rem oved even a fte r solidifying, so the  stresses 
induced by  th e  weight of the  gelatin  could be avoided. The investigations 
have been perform ed a t 2 2 ^  1°C, and  2 5 i ; l 0C for d ifferent loadings. 
In  every case a photoelastic p icture appeared, (Fig. 1) which clearly shows 
th a t  P asca l’s law is n o t valid  for such system s.
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OSTEO G EN ESIS IN  V E R T E B R A E  OF T H E  RAT TA IL  IN D U C ED  BY 
LOCAL AD M IN ISTRA TIO N  OF A D REN A L EXTRACT
by
F. A. K iss  a n d  St . K r o m p e c h e r
DEPARTMENT OF ANATOMY, HISTOLOGY AND EMBRYOLOGY^
UNIVERSITY MEDICAL SCHOOL, DEBRECEN, HUNGARY
T h e  c o n d i t i o n s  of osteogenesis have been extensively trea ted  in the  lite ra ­
tu re. K rom pecher (1940, 1958) em phasized th e  role of certain  horm onal and 
biochemical factors, the presence of undifferentiated  m esenchym al cells and 
capillarization as im portan t requirem ents of osteogenesis. Adrenal ex trac t 
prepared  from  hom ogenates of suprarenal glands of adu lt ra ts  was found 
(Kiss and  K rom pecher 1962, K rom pecher and Kiss 1962) to  be m ost effective 
in prom oting vascularization by which osteogenesis was likewise stim ulated . 
Local adm inistration of adrenal ex trac t was found to  induce prim ary  
angiogenic bone form ation (Kiss 1964, K rom pecher and  Kiss 1963).
E xperim ents were conducted on 14 adu lt albino ra ts  of bo th  sexes. U nder 
e ther anesthesia a canal was formed by  a sterile flexible wire drill through
Sym p. B iol. H ung ., 7, pp . 371—373 (1967)
F ig. 1. Multiplication of capillaries and osteoblasts in the periosteum of rat tail 
vertebra following local injection of adrenal extract (1-week-stage)
25 Symp. Biol. Hung. 371
F ig . 2. Positive X -ray  
p ic tu re  o f  r a t  ta i l  v e r­
teb rae  4 w eeks follow ing 
in jec tion  o f ad re n a l e x ­
tr a c t  (a); X -ra y  p ic tu re  
o f con tro l (b).
b
F i g . 3. U n d er th e  effect o f  a d ren a l e x tra c t  new  bone w ith  red  bone m arrow  w as 
form ed in connection  w ith  th e  old bone (4-w eek-stage)
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th e  vertebral bodies of 4 to  5 caudal vertebrae. Adrenal ex tract, prepared  
from ra t  and  hum an suprarenal glands, was in jected  in a single dose in 
th e  canal prepared  in th is m anner. The ra ts  were sacrificed a fte r 1, 2, 3 
and  4 weeks and 6 m onths, respectively. The m aterial rem oved was exam ined 
by histological methods.
One week a fte r injection of adrenal ex trac t, a  m ultip lication of the 
capillaries and  osteoblasts of the  periosteum  was observed in th e  histological 
preparation  (Fig. 1).
In  th e  second, th ird  and  fourth  week, a gradually  increasing subperiosteal 
bone form ation was dem onstrated  which was evidenced by rad iography as 
well (Figs 2 and  3).
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E F FE C T  OF CHRONIC ALCOHOL TREA TM EN T 
ON BONE R E G E N E R A T IO N
by
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T h e  facto rs influencing the  healing of bone fractures have been ex ten ­
sively investigated. Num erous researchers dea lt w ith and  em phasized the  
im portance of th e  m echanical factors (Friedenberg and  French 1952, 
K rom pecher 1937, Y am agishi and Y oshim ura 1955), and  th a t  of th e  
capillary supply depending on them . Num erous investigations have been 
carried ou t on the  effect of chemical factors, too  (B urkhard t 1928, L evander 
1938).
The purpose of our experim ents was to  investigate th e  effect of alcohol 
trea tm e n t on fractu re healing, considering th a t  th e  alcohol has a peripheral 
vasodilatating  effect and  it  increases the  oxivenization of blood.
Albino ra ts  of bo th  sexes were used. The fem ora of the  ra ts  were fractu red  
and  fixed by percutaneous m edullary nailing. A group of ra ts  were given, 
th rough  a gastric tube, a  daily am ount of T6 to  4-26 g/kg body weight 
alcohol per ra t. The controls received w ater and  a th ird  group was trea ted  
w ith pow dered egg-shell (Lelkes and  Mészáros 1957). The ra ts  were killed 
1, 3 and  5 weeks following operation. The results obtained are shown in 
Figs 2 to  4, and exp lanato ry  key is given in Fig. 1.
A fter one week of trea tm en t, g ranulation  tissue, cartilage and  angiogenic 
osteophytes were found betw een the  fractu red  bone ends. The sm allest 
am ount of cartilage was found in th e  alcohol-treated group, while the  
largest am ount and m ost m ature cartilage was dem onstrated  in th e  egg­
shell-treated  group. Somewhat more osteoblasts were seen in th e  alcohol- 
trea ted  group (Fig. 2).
In  th e  5-week-stage more capillaries were found in th e  rem nants of g ranula­
tion  tissue in the  alcohol-treated groups th an  in  the  controls. In  th e  axis 
of the  newly form ed bone trabeculae th e  rem nants of th e  ossified cartilage 
were found in a broader zone in the  alcohol-treated group th a n  in  the  
controls. The am ount of cartilage increased in  all th ree groups displaying 
the  same d istribu tion  as in the  firs t week (Fig. 3).
In  th e  5-week-stage bone trabeculae were predom inantly  presen t between 
th e  fractu red  ends b u t while in  the  controls cartilaginous and  even g ranu la­
tion  tissue elem ents were found, com plete fusion of the  bone m argins was 
observed in  th e  alcohol-treated group in the  m ajo rity  of th e  cases (Fig. 4).
I t  m ay be concluded th a t  the  capillarization of th e  granulation  tissue in ­
creased and, parallel to  it, the  form ation of b rady troph ic cartilage tissue
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Stump o f compact bone
Zone o f periostal irritation 
F i g . 1
a
F ig . 2. R esu lts  o b ta in ed  a f te r  I w eek; 
a  - a lcohol tre a tm e n t; c =  co n tro l; 
e egg-shell tre a tm en t
F ig. 3. R esu lts  o b ta in ed  a f te r  3 w eeks; 
a =  alcohol tre a tm e n t; c =  con tro l; 
e =  egg-shell tre a tm e n t
F ig . 4. Results obtained after 5 weeks; 
a alcohol treatment; c =  control; 
e =  egg-shell treatment
w a s  s o m e w h a t  i n h i b i t e d  i n  t h e  a l c o h o l - t r e a t e d  r a t s .  A t  t h e  s a m e  t i m e ,  
o s s i f i c a t i o n  s e e m e d  t o  b e  a c c e l e r a t e d  i n  t h e s e  c a s e s  a s  e v i d e n c e d  b y  t h e  
y o u n g  c a r t i l a g e  c e l ls  p r e s e n t  i n  t h e  i n t e r i o r  o f  t h e  n e w l y  f o r m e d  b o n e
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trabeculae. In  this effect of alcohol, certain substances form ed in the  course 
o f its break-down (fumaric acid, succinic acid, etc.) m ay also p lay a p art by 
th e ir catalv tical increase of tissue respiration. F u rther investigations are in 
progress.
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PROMOTION OF TH E PROCESS OF ORGANIZATION 
OF TH E K IE L  BONE GRAFT
by
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I n a n  e a r l i e r  report (K ondrai and  Tarsoly 1965) we reported  our experi­
m ents on the  use of the  K iel bone g ra ft described by B auerm eister (1958) 
and  m odified by  K ondrai (1964). The results obtained in these experim ents 
have dem onstrated  th a t  cancellous bone g rafts of heterologous origin 
become fairly  organized and  had  a stim ulating  effect on osteogenesis. 
The organization of com pact bone grafts was found to  be worse; th ey  even 
failed to  organize if  tak en  from older anim als by exerting an  inhibitory 
effect on osteogenesis. Such bone grafts were soon resorbed and  rejected 
by  the  host organism. For these reasons we have m ade a ttem p ts  to  increase 
the  inclination for organization of the  com pact bone g ra ft by  various 
p re treatm ents. I t  is known th a t  the  sm aller the  bulk of the im planted bone, 
th e  b e tte r it  survives since it gets in to  touch w ith larger areas of the  recipient 
host. Therefore, various bone preparations were made:
1. com pact bone g ra ft (2 X 0-5 X 0-5 cm) was prepared for control;
2. on all sides of a com pact bone graft, th e  sam e size as th e  previous 
one, sm all holes were bored;
3. the  com pact bone g ra ft was excised together w ith its n a tu ra l spongiosa 
covering one of its  sides;
4. on th e  sm ooth sides of the  com pact bone, prepared  as previously, some 
holes were bored (K ondrai and  Tarsoly 1965);
5. on th e  sm ooth side of th e  preparation  (see under 4), a  layer of spongious 
bone was stuck; in th is way, tw o surfaces facing each o ther were 
covered w ith spongious bone;
6. finally, the  sm ooth surfaces of tw o bone grafts (see under 3) were 
stuck together.
The cross-sections of these experim ental bone g rafts were square as 
opposed to  those em ployed by  M aatz which were cylindrical. As to  the  
fu rther steps, we proceeded according to  the  experim ents of M aatz on the 
spongiosa test, im planting the  prepared bone grafts into spongious bone 
substance of dogs. Six im plan ta tions were perform ed with each ty p e  of 
g ra ft (36 operations), im planting six d ifferent grafts in the  sam e dog. 
Com parable results could be obtained by this m ethod. The dogs were
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F i g . 1. Advanced organization of a compact bone graft with borings on one of its 
sides and natural spongious layer on another side 4 weeks after operation
sacrificed a fte r tw o and four weeks following operation. The im planted 
area was excised and stud ied  by histological m ethods. F o r th e  sticking 
together of the  bones we experim ented w ith 16 kinds of glues, of which 
the  synthetic  m aterial called polyvinilacetate seemed to  be th e  m ost su it­
able. In  order to  re ta rd  the  quick evaporation of the solvent, d ib u tilp h ta la te  
was added to  it which, however, had  a dam aging effect on osteogenesis 
as it  was found out later, and  even sticking itself was not of the  best kind. 
The following results were ob tained  from  the  histological preparations.
The bone grafts w ith surfaces enlarged by borings were found to  be 
organized fairly soon, since by the  connective tissue growing in to  th e  holes 
and  by the  new bone trabeculae form ed la te r the  grafts become fixed. 
Considerable organization of the  g ra ft was noted a fte r four weeks.
Still b e tte r result was observed in the  g ra ft whose surface had been 
enlarged on one side by a layer of n a tu ra l spongiosa and  on ano ther side 
by borings. The spongious p a r t was rapidly  organized; on th e  surface of 
the  grafts new bone was form ed by which the  im plan t was firm ly fixed 
and  organization began on all its sides. A fter four weeks th e  g ra ft had 
considerably decreased in bulk, organized and  surrounded by  newly formed 
bone trabeculae (Fig. 1).
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Fig. 2. O rganization  o f a  com pac t bone g ra f t covered on one side b y  a n a tu ra l  spongious 
lay e r an d  b y  a  spongious lay e r adhered  to  i ts  o th e r side 4 w eeks a f te r  o pera tion . R e ­
so rp tio n  an d  new  organ iza tion  are  sa tisfac to ry . In  th e  adhered  p a r t  th e  spongious 
bone alone w as found  to  be organized , b u t  n o t th e  stick ing  m a te ria l
The com pact bone g ra ft with a n a tu ra l spongious bone layer on one side 
and  with a spongious bone layer stuck  to  its  o ther side, was also found 
to  organize, b u t the  adhered surface resisted organization, sharply delim it­
ing the  area of resorption and  new form ation of bone (Fig. 2). New bone 
trabeculae were formed in  both  spongious bone layers. In  th e  com pact 
bone graft consisting of tw o pieces adhered together, having a n a tu ra l 
spongious bone layer on one side of bo th  pieces, advanced organization 
was revealed sta rtin g  from  the spongiosa even a fte r two weeks. A fter four 
weeks, considerable resorption and new organization were observed in the  
com pact bone as well. Here the tw o p arts  detached  usually displaying a 
narrow  em pty  gap or filled up w ith connective tissue between the  two 
bone grafts (Fig. 3).
According to  our experim ents, the  organization of the  cortical bone g ra ft 
m ay be increased by  enlarging its surface w ith borings or applying a spongi­
ous bone layer to  it. In  this way th e  ingrow th of vessels is facilitated  
which is a prerequisite of the  onset of bone form ation. However, fu rther 
experim ents are needed for th e  selection of a more adequate sticking m aterial.
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F i g . 3. C om pact hone g ra f t com posed of 2 bone pieces s tu ck  to g e th er, covered w ith  
a  n a tu ra l spongious bone la y e r  on one side o f bo th  pieces, becam e considerab ly  reduced  
in  size due to  new  o rgan iza tion  s ta r tin g  from  th e  spongiosa. The 2 p ieces d e tac h ed  
ow ing to  u n sa tis fac to ry  stick ing
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NEW FORMATION OF ARTICULATIONS
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A c c o r d in g  to  experim ental results we are able to  induce th e  organism  to  
transform  granulation  tissue to  a rticu lar hyaline cartilage. This m ay be of 
in terest bo th  to  theoreticians and  to  clinicians.
As th e  process of form ation of a rticu lar cartilage—including its causal 
m otives—is very  sim ilar to  th a t  of cartilage form ation in callus, i t  seems 
to  be justified  to  dem onstrate  here some gross anatom ical specimens and 
th e ir microscopical preparations, by  which the  subsequent stages of experi­
m ental neodifferentiation of articu la r cartilage can be followed.
E xperim ents were carried ou t on dogs perform ing an operation on their 
knee-joints. The entire a rticu lar surface of th e  d istal p a r t  of the  fem ur 
was cu t off together w ith  a layer of the  underlying cancellous bone. All 
cartilaginous rem nants of the articu lar surface were likewise rem oved 
(Fig. 1). The source of th e  new cartilage was the  granulation tissue tak ing  its 
origin from the  bone marrow. The granulation tissue soon covered the wound 
of th e  cancellous bone. To enhance th e  form ation of a  layer of g ranulation 
tissue, postoperative rest (five days) was ensured. Subsequently, an  adequate 
functional trea tm en t was in stitu ted  consisting of stretching and  bending 
th e  limb in the  knee-joint, twice every second day  (K rom pecher 1937, 1955, 
1956, 1958a, b, 1966, K rom pecher and  G oerttler 1938). The granulation 
tissue was found to  grow out from  th e  red  m arrow  covering th e  bone surface 
in a layer of 1-5 mm thickness (Fig. 2a). On the macroscopic specimen the 
sites of excisions are easily recognized. The microscopic p icture dem onstrates 
a healthy granulation  tissue supplied with blood vessels. The surface is 
covered by a layer of fibrin  (Fig. 2b).
Tw enty-six days a fte r operation (Fig. 3a) the  new “ articu la r” surface is 
sm ooth, though in the  dep th  (left side of picture) the  onlay of cartilaginous 
islets is visible. A cross-section of th e  specimen reveals (Fig. 3b) th a t  in the 
d ep th  of th e  vascularized granulation tissue, non-vascularized cartilaginous 
islets are already present.
S ixty-three days a fte r operation the  cartilaginous islets becam e m anifest 
even on gross-anatom ical inspection (Fig. 4a), though their surface was still 
covered by connective tissue containing some vessels (Fig. 4b). The cartilage 
islets showed a tendency  to  become confluent. As to  its character, th is ca rti­
lage appeared to  be ra th e r fibrotic.
Tw o-hundred and tw enty-six  days a fte r operation (Fig. 5a) in a dog 
having a  well functioning limb, larger cartilaginous islets separated  by
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F i g . I . A rticu la r surface o f  th e  knee-joint, w as saw n off w ith  a lay e r o f  underly ing  
cancellous bone. On th e  le ft: th e  bone w ound w ith  its  b loody  surface. On th e  rig h t: 
th e  a r t ic u la r  surface th a t  has been  cu t o ff
fossulae synoviales appeared. The microscopic exam ination (Fig. 5b) disclos­
ed th a t  th e  d ifferentiation of granulation  tissue to  cartilage proceeded 
fu rth e r and already reached the  articu lar surface.
The articu lar cartilage was found to  be fully developed in a 692-day-old 
specimen (Figs 6a and 6b) bo th  gross anatom ically  and m icroscopically. 
Only a thorough com parison can reveal some differences, the  newly form ed 
a rticu la r surface having a deeper furrow  and  th e  condyli being more d iver­
gent th an  in the  original specimen. The microscopical exam ination  evidences 
a perfect articu la r hyaline cartilage.
This series of experim ents carried ou t on dogs proves th a t the  grown-up 
organism  is able to  d ifferentiate to  hyaline cartilage if  adequate postopera­
tive trea tm en t is ensured. As regards fu rth e r lite ra tu re  we refer to  th e  
papers of K rom pecher and  H adházv  published in th is volume.
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Fig. 3. a) 26 d ay s a f te r  o pera tion , bl M ieroscopic p ic tu re  of 26-day-old specim en
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F ig . 2. a) 11 d ay s  a f te r  o p era tio n , b) M icroscopic p ic tu re  o f  11-day-old specim en
F ig . 4. a) 63 d ay s  a f te r  o pera tion , b) M icroscopic p ic tu re  o f 63-day-old specim en
F ig . 5. a) 226 d ay s a f te r  o p era tion , b) M icroscopic p ic tu re  o f  226-day-old specim en
F i g . 6. a) 692 days a f te r  o pera tion , b) M icroscopic p ic tu re  o f  692-day-old specim en
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CYTOCHROME OXID A SE CONTENT OF T H E  ORGANS 
OF SOME LOW ER ANIM ALS
by
P . L a d á n y i  a n d  M á r i a  B . L á s z l ó
DEPARTMENT OF ANATOMY, HISTOLOGY AND EMBRYOLOGY 
UNIVERSITY MEDICAL SCHOOL, DEBRECEN. HUNGARY
T h e  c y t o c h r o m e  ac tiv ity  of d ifferent organs of some lower anim als living 
in H ungary  has been determ ined by  th e  m ethod of Pearl e t al. (1963) and  
th a t  of S traus (1954). The results obtained have been com pared w ith the  
values ob tained  in  th e  liver and  h eart of th e  ra t, also known from  the  
ite ra tu re . In  th e  m ajo rity  of th e  tissues of lower anim als th e  cytochrom e
Sym p. Biol. H ung ., 7, p p . 389—390 (1967)
F i g . 1
26* 389
oxidase ac tiv ity  (see figure) was found to  be 50 to  100 tim es lower 
th a n  th a t  of th e  ra t  tissues. The degree of cytochrom e oxidase ac tiv ity  
seems to  be in  connection w ith  the  oxygen supply of th e  tissues, i.e. w ith 
th e ir circulatory  conditions. Reference is m ade to  the  finding th a t  in th e  
tissues of lower anim als containing low cytochrom e oxidase activ ity , a 
high m ucopolysaccharide con ten t was dem onstrated  (Krom pecher e t al. 
1906).
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EFFECT OF PROLONGED TH YROXINE AND 
METHYLTHIOURACYL ADMINISTRATION ON TH E EPIPH YSEA L 
CARTILAGE OF TH E TH IR D  METACARPUS OF GROWING RATS
by
G. L é v a i
DEPARTMENT OF ANATOMY, HISTOLOGY AND EMBRYOLOGY 
UNIVERSITY MEDICAL SCHOOL, DEBRECEN, HUNGARY
and
I. Zs. N a g y
BIOLOGICAL RESEARCH INSTITUTE, HUNGARIAN ACADEMY OF SCIENCES 
TIHANY, HUNGARY
As l o n g  ago as in th e  last cen tury  it was recognized th a t  a correlation 
exists between the  dwarfism  of cretins and  th e  ac tiv ity  of th e  thyro id  
gland. Since th e  observation of G udernatsch (1912) an increasing num ber 
o f au thors have investigated  the  connection betw een linear grow th and  th y ­
roid ac tiv ity  (Becks et al. 1942, Silberberg and  Silberberg 1954, H u lth  and  
N ylander 1963). F rom  the  experim ental results it  was concluded th a t  
thyroxine has an  effect on linear grow th. The re levant d a ta  reported  in 
the  lite ra tu re  were, however, often  divergent, and sometimes even con tra­
dictory.
In  th e  course of our experim ents conducted on 72 albino ra ts , the  changes 
ensuing in  th e  d istal epiphyseal cartilage of th e  th ird  m etacarpus were 
studied over a period of 145 days following daily adm inistration  of 10 pg/100 g 
of thyroxine (Hoffm an-La Roche A. G., Basle) and  th a t  of 0-05 g of Base- 
th y rin  (4 m ethyl-2-thiouracyl; Chemical W orks of Gedeon R ich ter L td . 
B udapest).
In  th e  thyrox ine-treated  ra ts  increased cartilage m atu ra tion  and destruc­
tion were observed. A t the  same tim e osteogenesis was also m oderately 
increased.
On th e  d istal surface of th e  epiphyseal cartilage, g ian t cells appeared 
in  large num bers which are considered b y  some au thors identical w ith 
th e  chondroclasts described by  K rom pecher (1940; Fig. 1). The epiphyseal 
cartilage was found to  become th in n er by  th e  age of 90 days and  is closed 
5 to  10 days earlier th an  in th e  controls.
In  th e  base thy rin -treated  ra ts, in addition  to  cartilage m atu ra tion  and 
destruction, a re ta rd ed  osteogenesis which exceeded th e  ex ten t of cartilage 
breakdow n was observed. The epiphyseal cartilage cells were found to  be 
smaller, th e  zone of m atu ra tio n  narrow, th e  ground substance relatively  
poor in cells and th e  epiphyseal disk was persisten t even a fte r 145 days of 
trea tm e n t (a t the  age of 175 days; Fig. 2). In  the  controls th e  epiphyseal 
closure was found to  occur by  the  age of 115 to  125 days. As regards th e
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F i g . 1. P e rs is tin g  ep iphysea l c a r t i ­
lage o f  r a t  a f te r  145 d ay s o f  base- 
th y r in  t r e a tm e n t (age: 175 days). 
S ta in in g : H aem atoxy lin -eosin
Fig. 2. “ C hondroclast g ia n t cell” 
from  th e  d is ta l su rface o f  th e  e p i­
physea l ca rtilage  o f thy ro x in e -trea t­
ed ra t .  S ta in ing : H aem ato x y lin - 
eosin
m echanism  of action, the  following questions are raised: e ither th e  ’p rim ary  
effect of thyroxine or the  consequent hyperp itu itarism  accom panied by  the  
accum ulation of acidophilic cells in the  adenohypophysis m ay increase renal 
Ca and  P excretion, (W einm ann and  Sicher 1947).
The alterations observed in the  base thy rin -treated  ra ts  are a ttr ib u ted  to  
hypothyroidism . H owever, th e  problem  of th e  peripheral effect of th iouracyl 
preparations inhibiting  oxidative enzyme ac tiv ity  is likewise raised.
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EFFEC T OF LOCAL A DM 1NISTRATION OF HVALCRONI DASH 
AND ATP ON CALLUS FORM ATION
by
G. L u k á c s , L. Mó d is , I. F ö l d e s  and T. S c h e r f e l
DEPARTMENT OF ANATOMY, HISTOLOGY AND EMBRYOLOGY 
UNIVERSITY MEDICAL SCHOOL DEBRECEN, HUNGARY
A c c o r d in g  to  the  investigations in  vivo of P aff and  Seifter (1950), adm inis­
tra tio n  of testicu lar hyaluronidase results in a  re ta rd ed  longitudinal grow th 
of th e  fem ora owing to  hydrolysis of chondroitin  sulphate. Ludowieg et al. 
(1961) suggest th a t  testicu lar and  bacterial hyaluronidases split the  m uco­
polysaccharide polym eric chain between glucuronic acid and acetylglucos- 
amine. Adenosine triphosphate (ATP) plays a catalysing role bo th  in  the  
form ation of glucuronic acid and  in th a t  of acetvlglucosam ine. Relying 
upon these findings we have exam ined the  effect of hyaluronidase and  ATP 
on callus form ation.
Tw enty-four albino ra ts  were used in the  experim ents. The righ t fem ur 
of each ra t  was fractu red  a t  the  m iddle portion of the  diaphysis and  the  
fractu red  ends were fixed by a  small canula used also for th e  adm in istra ­
tion  of hyase or ATP. One group o f ra ts  was trea ted  w ith 0T5 m l/rat hyase, 
a second group received, in  addition to  hyaluronidase, also 0-2 ml A TP/rat 
in daily doses, th rough  th e  canula. The th ird  group was left un trea ted  for 
control. The ra ts  were killed a fte r 1(1 and  14 days of trea tm en t and  the  
rem oved calluses were exam ined by histological, histochem ical and s ta tis ­
tical m ethods.
In  the  10-day-stage th e  calluses of the  controls consisted of connective 
tissue containing also some large cartilage islets. In  the  hyaluronidase - 
trea ted  ra ts  th e  calluses consisted predom inantly  of connective tissue w ith 
a  m inim al am ount of cartilage. In  th e  group of hyaluronidase -f- ATP 
trea tm en t, th e  ex ten t of cartilage increased in th e  callus as com pared with 
th a t observed afte r hyase trea tm en t alone.
In  th e  14-dav-stage, in th e  hyaluronidase-treated  group, more num erous 
cartilage islets appeared th an  in th e  previous stage and  the  first cartilaginous 
trabeculae were noted. The am ount of cartilage was, however, sm aller th an  
th a t  of the  controls (Figs 1 to  3). In  the  hyaluronidase-treated  ra ts , the  
H ale positiv ity  of cartilage cells rem ained invariable, the  basophilia of the 
ground substance had the  same localization as in  the  form er stage, b u t it 
decreased considerably in in tensity . I ts  m etachrom asia was of /3-type, while 
th e  controls displayed y -rnetachrornasia. The PAS reaction was sim ilar to  
th a t  of controls. In  the  hyaluronidase -|- A T P-treated  ra ts, th e  cartilage 
cells and  the  ground substance showed an intense basophilia, sim ilar to  
th a t  of the  controls. The sta tis tica l d a ta  are th e  results of planim etric 
exam inations (Fig. 4). According to  our exam inations, local adm inistration 
of hyaluronidase decreased the  form ation of cartilaginous callus, owing to  
depolym erization of acid m ucopolysaccharides.
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F ig . 1. S ite o f fra c tu re  
in  th e  con tro l r a t  (14-day- 
stage)
F i g . 2. S ite o f fra c tu re  
in  h y a lu ro n id ase -trea ted  
r a t  (14-day-stage)
F i g . 3. S ite o f frac tu re  
in  h ya lu ron idase  +  A TP- 
tre a te d  r a t  (14-day-stage)
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F ig. 4. C on tours o f  superposed  la r ­
gest ca rtilage  isle ts m easured  p lani- 
m e trica lly . A fte r 10 d ay s  (left) and  
14 d ay s  (right) o f  tre a tm e n t
The effect of hyaluronidase was p a rtly  com pensated by  locally given 
ATP. The form ation of acid m ucopolysaccharides appeared to  be increased 
by  ATP as dem onstrated  histochem ically. These results are in agreem ent 
w ith  our form er ones on th is subject.
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INVESTIGATIONS ON POSTEM BRYONIC BONE FORM ATION
IN  A LB IN O  RATS
by
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I n v e s t ig a t io n s  o n  c h o n d ra l  b o n e  fo rm a tio n  h a v e  b e e n  c a r r ie d  o u t  o n  th e  
p ro x im a l e p ip h y se a l c a r t i la g e  o f  th e  t ib ia  o f  a lb in o  r a t s  f ro m  th e  f i r s t  
d a y  o f  life u n t i l  90 d a y s  o f  age, b y  m e a n s  o f  h is to c h e m ic a l m e th o d s .
As it  is known from  th e  works of Joel e t al. (1956), there is a g radual 
decrease w ith increasing age in th e  acid m ucopolysaccharide conten t of 
the cartilage, and  parallel w ith th is process there is an  increase in th e  am ount 
of neu tra l mucopolysaccharides. The epiphyseal cartilage, considering its 
essential role in chondral ossification, was supposed to  exhibit sim ilar changes 
in its  histochem ical p a tte rn .
The m ethods em ployed in  our investigations were: staining w ith hae- 
inatoxylin-eosin and azan for histological exam inations; R itter-O leson’s 
(PAS -j- H ale’s reactions) technique w ith  acetylation, saponification, 
supplem ented with digestion witli pepsin, hvaiuronidase and  am ylase, 
m etachrom atic reactions w ith thionine and  toluidine blue a t  p H  T 4 and 
pH  3-0; extinction w ith  m ethylene blue a t  pH  T42 and  4-92, reactions w ith 
astra  violet, a s tra  blue and  alcian blue, as well as W olm an’s Bi-Col reaction 
(Földes e t al. 1965, Módis e t al. 1964). The histological and  histochem ical 
findings have been jo in tly  assessed in  the  light of the  ossification stages 
according to  K rom pecher (1937).
According to  our results, the  postem bryonic period exam ined m ay be 
divided in th ree stages.
The first stage lasting from 1 to  30 days of age, is characterized by predom ­
in an t chondrogenesis, the  separation of the  epiphyseal disk from the  
articu la r cartilage and  high acid m ucopolysaccharide content. In  th is 
phase neu tra l m ucopolysaccharides are found only in th e  bone ground 
substance (Fig. 1).
In  the  second, in term ediate phase, lasting from  th e  age of 30 to  45 days, 
chondrogenesis and osteogenesis are in equilibrium . H istochem ically, 
neu tra l protein-sensitive m ucopolysaccharide-protein complexes are d e­
m onstrated  in the  distal zone of the  epiphyseal cartilage (zone of calcifying 
cartilage). The rem aining zones of the  epiphyseal cartilage continue to  
contain acid m ucopolysaccharides. A t the  end of the  in term ediate phase 
(on the  45th day) neu tra l polysaccharides are dem onstrated  in the  ground 
substance of the  zone of m aturing  cartilage (Fig. 2).
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F i g . 1. E p ip h y sea l ca rtilage  o f a  10-day-old ra t . The 
cen tre  o f  ossification  h as ap p eared , th e  ep iphyseal 
d isk  is separa ted
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F i g . 2. E p ip h y sea l cartilage  o f  a  30-day-old ra t . B one 
an d  ca rtilage  fo rm atio n s a re  in  s ta te  o f  equ ilib rium . 
T he ep iphysea l ca rtilage  is d iv ided  in  zones
F i g . 3. E p ip h y sea l cartilage  o f  a n  80-day-old r a t  is narrow . 
C h arac te ris tic  p redom inance  of bone fo rm ation
The third stage lasts from  45 to  90 days of age. P redom inan t bone form a­
tion  is characteristic of th is  stage. The m ucopolysaccharides o f th e  epiphyseal 
cartilage, from the  m etaphysis, gradually  transform  in to  m ucopolysaccharide 
p ro tein  complexes. In  th e  last stage (90th day) acid m ucopolysaccharides 
were dem onstrated  only in  th e  ground substance of th e  upper layer of the  
zone of proliferation (Fig. 3).
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According to  our exam inations, the  investigation of m ucopolysaccharides 
is adequate for the  stu d y  of the  process of ossification, since th e  transfo rm a­
tion  of m ucopolysaccharides is parallel to  the  dynam ics of bone form ation in 
ontogenesis.
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HISTOCHKM ICAI, INV EST IGÁT IONS OF CARTILAGE TISSU E
by
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T h e  r e a c t io n s  based on basophilia used for th e  dem onstration  of acid 
m ucopolysaccharides are extensively em ployed in the  histochem ical differen­
tia tio n  of m ucopolysaccharides.
B y the  te rm  basophilia we m ean th e  p roprie ty  of certain  tissue com ­
ponents (containing acid groups and  high molecular weights) to  bind cations 
(Lindner 1965). In  a wider sense, th ree m anifestations of basophilia em ploy­
ed in histochem istry m ay be distinguished: th e  phenom enon of m etachrom - 
asia, the  binding reaction of m etal colloids and  th e  binding of simple 
basic dyes. Our investigations have been carried ou t on the  th ree  types 
of basophilia m entioned above with regard to  theoretical and histochem ical- 
technical considerations.
M ETA C H R O M A SIA
The mechanism  of th e  phenom enon seems to  be as follows: the  negative 
anionic groujis p resen t on th e  surface of the tissu lar macromolecules (muco­
polysaccharides, nucleic acids) are bound by electrostatic force to  th e  posi­
tive poles of th e  so-called m etachrom atic dyes. I f  the  distance between the 
bound dye molecules is sm aller th a n  5 Á, these molecules are able to  po ly­
merize, by  which a dye polvm erizate is form ed on the  surface of the  poli- 
ion. The light rad ia ted  by  th is polym erizate differs from  the  original colour 
of th e  dve (Fig. 1).
Grouping the  m etachrom atic dyes according to  their ß-or y-m etachrom a- 
sia, the  blue dyes proved to  be optim al in  d ifferentiating these two types 
of m etachrom asia (Földes e t al. 1964). In  all cases th e  m etachrom atic 
reactions should be perform ed a t  low p H  values. In  case of cartilage, Susa 
fluid should be used for fixation.
R EA C TIO N S W IT H  M ETA L CO LLO ID S
The binding of iron colloid to  m ucopolysaccharides is the  basis of the 
reactions according to  Hale, Müller, Gömöri, and  R inehart-A bul H aj,
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g  = D y e - m o l e c u l e O s o 4 group
— -  -  Intermolecular 
linkage Metal colloid Particle
F ig . 1. Scheme of mechanism o f meta- 
chromatic reactions
F ig . 2. Scheme o f mechanism of 
colloid metal reaction
as well as the  binding o f gold colloid in W olm an’s Bi-Col reaction. S tarting  
from  this s tatem ent, we have employed solutions of some heavy m etal 
colloids in carbohydrate  histochem istry. P articu larly  good results have 
been obtained w ith m olvbden, copper and  silver colloids a t  adequate pH  
values (Módis e t al. 1965).
The mechanism  of th e  reaction seems to  be the  following: large colloid 
particles having a  positive charge are bound electrostatically  to  tissular 
anionic groups (S 0 4, P 0 4). I f  the  colloids are coloured, the  effect of binding 
is visible even w ithout ‘developing reagen t’ (Fig. 2).
B IN D IN G  R E A C T IO N S O F N O N -M ETA C H R O M A TIC  BA SIC D Y ES
According to  our investigations, in  addition to  basic dyes known from 
the  histochem ical lite ratu re , some o ther basic dyes m ay be em ployed for 
staining tissular macromolecules. Some of these dyes are fluorochromes 
which are particu larly  suitable for finer cytological exam inations. On the  
basis of th e  absorption curve, paperchrom atographic analysis, chemical 
structu re , physical characteritics and  analysis of th e ir colour tone by  colour 
circle, according to  Ostwald, we can select the  optim al, and  technically  
m ost reliable basophil reactions. The copper phtalocyanine derivate, 
A stra violet, was found to  be specially suitable for histochem ical purposes. 
The reaction m ay be exam ined in light microscopy as well as in fluorescent 
light (Figs 3 —5).
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Fig. 3. Astra-violet reac­
tion in laryngeal cartilage 
of rat. Counterstain: light 
green
F ig. 4. Astra-violet reac­
tion in laryngeal cartilage 
in fluorescence microscope 
(BG 3/4 OG 1/1 filter, Zeiss 
HBO—50)
Fig. 5. Control of the for­
mer reactions with astra 
blue
2 6  Symp. Biol. Hung. 4 0 3
F ig . 6. Scheme of mechanism of reaction given 
by non-metachromatic basophilic dye
( ~  + )  =  D ye- molecule 
Q  = S04 group
According to  th e  presum ed mechanism  of the  reaction, the  tissu lar anionic 
groups bind w ith electrostatic force the  8 positive poles of the  dye molecules 
in solution (Fig. 6).
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BIOCHEM ICAL STU D IES ON SOME M E D IT E R R A N E A N  
SEA ANIMALS
by
É v a  H. O l á h
DEPARTMENT OP ANATOMY, HISTOLOGY AND EMBRYOLOGY 
UNIVERSITY MEDICAL SCHOOL DEBRECEN, HUNGARY
and
B. A l l e  m a n  [)
STATION MARINE DEND0ÍTME, MARSEILLE. PRANCE
A c c o r d i n g  to  num erous d a ta  in the  literatu re , tissues poorly supplied 
w ith  oxygen have high m ucopolysaccharide contents, b u t a t  th e  same 
tim e th e ir lactic acid conten t is n o t as high as it  would be expected, owing 
to  the  anaerobic conditions of such tissues. Sim ilar results were obtained 
by K rom pecher (1960, 1964) H adházy  e t al. (1963) on higher anim als, and 
by  C labe (1962) and K rom pecher e t al. (1966) on lower land-anim als, using 
histological, histochem ical and  biochemical m ethods.
D eterm inations of lactic acid 
and  hexosam ine content, as 
well as cytochrom e oxidase and 
glycolytic activities were p e r­
form ed on some phylogenetical- 
ly  lower sea anim als. The d e­
term inations on glycolytic ac ­
tiv ity , according to  W arb u rg ’s 
m ethod (U m breit e t al. 1957), 
and  those on cytochrom  oxidase 
activ ity , measured bv the colori­
m etric m ethod of Pearl e t al. 
(1963) yielded low values. The 
results obtained from th e  d e te r­
m inations of lactic acid (accord­
ing to  B arker and  Sum m erson’s 
m ethod 1941) and  hexosamine 
(Boas’ m ethod 1953) are given 
in th e  Fig. 1, showing a low 
lactic acid and  a high m uco­
polysaccharide content. The 
higher th e  hexosam ine content, 
the  lower is its  lactic acid 
content.
F i g . 1
hexosamine
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HOM OTRANSPLANTATION OF A RTICU LA R CARTILAGE 
W IT H  A SH E L L  OF SUBCHONDRAL BO N E
by
K . P a p
ORTHOPAEDIC CLINIC
and
S t . K r o m p e c h e r
DEPARTMENT OP ANATOMY, HISTOLOGY AND EMBRYOLOGY 
UNIVERSITY MEDICAL SCHOOL, DEBRECEN, HUNGARY
W e d e m o n s t r a t e d  in 1961 (K rom pecher and  P ap  1961, P ap  and  K ro m ­
pecher 1961) th a t  homogeneous tran sp lan ts  of articu lar cartilage w ith ad ­
joining cancellous bone survived if  th ey  did no t exceed 5 m m  in thickness 
and  if th ey  were subjected to  norm al physiological stimuli.
Syrnp. B iol. H u n g ., 7, pp . 407—409 (1967)
F i g . 1. H om ogeneous 
tra n sp la n ta tio n  o f th e  
w hole a r t ic u la r  surface no 
th ick e r th a n  5 m m ; 85- 
d ay -s tag e . Good fu n c tio n ­
a l resu lt
4'J7
F i g . 2. The hom otrans- 
p lan ted  bone trab ecu lae  
d id  n o t su rv ive , b u t th e y  
becam e su rrounded  b y  a 
liv ing  bone layer. The new  
liv ing  bone is easily  recog­
nized  by  th e  s ta in in g  o f 
nuclei
The g ra ft was viable, the  articu lar cartilage survived as it  could be d e­
m onstrated  in stages from  8 to  772 days (Figs 1 and  3). The cancellous 
bone trabeculae did no t survive b u t were gradually  resorbed and  replaced 
by new appositional bone surrounding the  tran sp lan ted  bone trabeculae 
w ith a  layer of living bone (Fig. 2). The transp lan ted  m arrow  died b u t 
was replaced by  th e  host, tak ing  its source from  the  im m igrating granulation 
tissue and vessels (Fig. 3).
Our experim ents in dogs have been repeated  and  controlled by Campbell 
e t al. (1963) on 42 adu lt mongrel dogs.The m aterial was studied histologically 
a t in tervals ranging from 5 to  530 days. The results ob tained  by  Campbell 
e t al. confirm ed our experim ental results. D epalm a e t al. (1963) reported  
sim ilar findings.
Sim ilar transp lan ta tions in hum an beings have shown encouraging 
results.
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F i g . 3. N ew  bone m arrow  
wi th  new vessels h ave  been 
bu ilt in th e  hom otrans- 
p lan ted  bone. See th e  osteo­
b la s tic  bo rder. On th e  
to p  o f  th e  p ic tu re  a  seg­
m e n t o f  th e  a r t ic u la r  c a r­
tilage  can  be seen; 170- 
day -stage
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HISTOLOGICAL STU D IES ON T H E  D EVELOPM EN T OF H A L L U X
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STUDIES ON CALLUS FORMATION IN HYPERTHYROIDIC 
AND HYPOTHYROIDIC RATS
by
E. T a r s o l y , G. H á j e r  and I. U r b a n
DEPARTMENT OF ANATOMY, HISTOLOGY AND EMBRYOLOGY 
UNIVERSITY MEDICAL SCHOOL, DEBRECEN, HUNGARY
T h e  e f f e c t  of increased and decreased thyro id  ac tiv ity  on grow th has been 
in th e  centre of m any investigations, b u t there  are very  few d a ta  in the  
lite ra tu re  concerning th e  effect of thyro id  ac tiv ity  on callus form ation. 
The opinions of the  au thors are divided. Some researchers suggest th a t  
th iouracyl has an inhibiting  effect on enchondral and  appositional grow th 
(H ulth  and  N ylander 1963, Silberberg and Silberberg 1954). Thyroxine has 
been dem onstrated  as having a  stim ulating  effect on ossification (Kuhn 
and  H am m er 1956, Silberberg and  Silberberg 1954, Zim prieh 1962).
F ig . 1. A fte r 40 d ay s th e  bone ends a re  connected  b y  a  callus consisting  o f  th ick  
bone trab ecu lae . In  th e  fra c tu re  line th e re  is a  th in  line o f  cartilage
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F ig . 2. Af< er 40 days, in th e  contro ls, th e  calluses consist m ostly  o f bone tissue, b u t 
a  w ide fib rocartilag inous p a r t  is found  betw een  th e  broken  bone ends
The purpose of our investigations was to  s tudy  bone regeneration follow­
ing adm inistration  of substances stim ulating and inhibiting thy ro id  activ ity .
The experim ents were conducted on 45 w hite ra ts. One group of ra ts  
was given 20 gam m a/rat Thybon  (L 3, 3’, 5 triiodthyroninhydrochlorid , 
H oechst A.G., F ran k fu rt am  M.). A nother group was trea ted  w ith  30 
m g/rat Metothyrin (1 m ethyl-2-m ercaptoim idazol, Chemical W orks of Ge­
deon R ich ter L td . B udapest) in daily doses, for a period of 25 days. A fter th is 
prelim inary trea tm en t, th e  femora of the  ra ts  were fractu red  and  fixed by me­
dullary  nailing. A group of ra ts  was subjected  to  bone fractu re  b u t otherw ise 
was left un trea ted . The trea tm e n t was continued for 10, 20, 30 and  40 days 
following fractu re  of the  femora. Then the  ra ts  were killed and  th e  calluses 
and thyro id  glands were rem oved and  exam ined by  histological methods.
T w enty days a fte r fractu re  in th e  Thybon-treated ra ts, th e  bone ends 
were connected m ostly by  a callus consisting of bone trabeculae. In  th e  
controls the  bone trabeculae of th e  callus were found to  be th in n er and 
sm aller in num ber, cartilage cells and  connective tissue being predom inant. 
In  the  Metothyrin group th e  calluses consisted of connective tissue and 
cartilage tissue m ade up  of enlarged cells. As regards the  ex ten t of th e  callus, 
no difference was seen between the  groups. However, th e  greatest qualita tive 
difference between the  calluses of th e  T hybon-treated  and M etothyrin- 
trea ted  ra ts  was no ted  a t  th is tim e (20 days).
412
F ig . 3. A fte r 40 d ay s th e  
calluses o f  th e  hypo  th y  r- 
oidic ra ts  consist ch iefly  
o f  fib rocatilage  w ith  a  few 
bone trab ecu lae  in  it
F o rty  days afte r fractu re the calluses of th e  Thybon-treated ra ts  consisted 
of th ick  bone trabeculae w ith a th in  zone of fibrous cartilage in the  fractu re  
line (Fig. 1).
1 1 the  controls th e  calluses exhibit bone trabeculae and fibrous cartilage 
corresponding to  the  fractu re line (Fig. 2). In  the  m eto thy rin -trea ted  ra ts  
th e  bulk of the  large calluses still consisted of extensive fibrous cartilage 
which was found also betw een the  fractu red  ends (Fig. 3).
A fter 40 days there was no m arked difference between th e  calluses of 
th e  hyperthyroidic and  control ra ts . In  the  hypothyroidic ra ts , however, 
th e  bony callus was m uch re tarded .
According to  our results, Thybon (hyperthyroidism ) exerts a stim ulating 
effect on cartilage resorption and  bone form ation, tw o im p o rtan t stages 
in enchondral ossification (K rom pecher 1958). M etothyrin (hypothyroidism ) 
seems to  inh ib it cartilage resorption and bone building. These effects are 
in connection w ith altered  m etabolic processes and  w ith th e  increased or 
re ta rd ed  vascularization of the  callus.
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T H E  H E A L IN G  PRO CESS IN  BONE CAVITIES F IL L E D  U P  
W IT H  A M IX T U R E  OF EG G -SH ELL AND PLA STER  
(ANIMAL E X PE R IM E N T S)
by
E . T a r s o l y
DEPARTMENT OF ANATOMY, HISTOLOGY AND EMBRYOLOGY 
UNIVERSITY MEDICAL SCHOOL DEBRECEN, HUNGARY
and
I. T o m o r y
FODOR JÓZSEF SANATORIUM FOR TUBERCULOSIS, BUDAPEST, HUNGARY
K r o m pec h er  (1958) was the  firs t to  po int ou t the  an tirach itic  effect of 
pulverized egg-shell as well as the  sim ilarities between the  chemical com po­
sition of bone and  th a t  of th e  egg-shell. Lelkes and  Mészáros (1960) reported  
on a more rap id  fractu re healing resulting from  peroral adm inistration  
of powdered egg-shell. As a result of these findings, Tarsoly (1963) carried out
F i g . I. Ten d ay s a f te r  o p e ra tio n : in  th e  ca v ity  filled in  w ith  pulverized  egg-shell an d  
p la s te r, o steob lasts  a re  seen on th e  young  trab ecu lae  form ed on th e  surface o f th e  
filling  m a te ria l, d is tr ib u te d  in  isle ts. The m ix tu re  is b roken  dow n b y  osteoclasts
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F ig. 2. F o u rteen  d ay s a f te r  o p e ra tio n : a  fine n e tw ork  o f th in  bone trab ecu lae  is o b ­
served  in  th e  ca v ity  filled in  w ith  egg-shell an d  p la s te r  m ix tu re . The bo n y  callus 
ex ten d s  beyond  th e  level o f th e  co rtica l bone
investigations on the  effect of local adm inistration  of egg-shell in case 
of bone defects. In  connection w ith T arsolv’s experim ents on dogs, in th e  
course of which holes of 8 to  10 mm dia were bored in the  bone and  filled 
in w ith  a m ix ture of pulverized egg-shell and  plaster to  stim ulate  bone 
regeneration, tw o problem s arose:
1. W hether th is procedure can be successfully applied to  fill up larger
cavities;
2. W hether it  m ay be developed to  be applicable in hum an practice.
E xperim ents were conducted on 10 dogs. Two cavities w ith d iam eters 
from  10 to  15 m m  were chiselled in th e  proxim al end of the  tib ia . One of 
th e  cavities was filled in w ith  a m ixture of egg-shell and p laster (1 : 1). 
C rystalline penicillin and  streptom ycin  were added to  the  m ix tu re as well 
as physiological saline to  m ake i t  more plastic. The second cavity, 
serving as control, was left em pty. The dogs were killed afte r 7, 10, 14 and  28 
days, respectively, following operation. The operative area was excised and 
subjected  to  histological procedures.
4 1 6
F ig . 3. F o u rteen  d ay s a f te r  o p era tio n : th e  unfilled  con tro l c a v ity  co n ta in s  g ran u la tio n  
tissue. A  few  th in  bone trab ecu lae  h av e  form ed on ly  on th e  m arg ins o f th e  cav ity
Even seven days a fte r operation, bone regeneration was observed w ith 
form ation of th in  bone trabeculae on the  m argins of th e  cavities filled 
in  w ith egg-shell and p laster m ixture. The 7-day-old control cavities con tain ­
ed only connective tissue, no bone form ation was visible in them . A fter 
ten  days the  m ix ture in  the  inside of th e  cav ity  was divided by ingrown 
vessels and  connective tissue, and  young bone trabeculae w ith large num ­
bers of osteoblasts appeared on the  surface of the  m ix ture islets, while 
osteoclasts were active a t resorbing the  m ix ture of egg-shell and  plaster 
(Fig. 1). In  the  14-day-stage the  cavity  filled in w ith egg-shell and  p laster 
m ixture was entirely  occupied by  a  fine netw ork of th in  bone trabeculae. 
The m ixture was visible only in  traces (Fig. 2). In  the  14-day old controls, 
though bone regeneration m ade its appearance on the  peripheral parts , 
the  cavities were still filled up> w ith connective tissue.
Tw enty-eight days a fte r operation the  cavity  was occupied by a m arked 
netw ork of massive bone trabeculae w ith developed red  bone m arrow 
between the  trabeculae. In  the  control cavity, still occupied by connective 
tissue, new spongious bone was formed only on th e  m argins of the  cav ity  
(Fig. 3). Thus, in the  cav ity  left em pty, the  process of regeneration of bone 
tissue takes place more slowly th an  in the  cavities filled in witli egg-shell
4 1 7
and  plaster m ixture. Num erous a ttem p ts  have been m ade in clinical practice 
to  find out th e  m ost suitable m aterial for the  filling in  of bone defects 
form ed as a resu lt of pathological processes or a fte r surgical in tervention  
necessary in such cases (gypsum, broken bone fragm ents, polym ethyl m eta- 
cry late (Bornemisza and  Bakó 1958, Borsay and  Varró 1959, F riind  
1954, etc.).
According to  our experim ental results the  egg-shell and  p laster m ix ture 
proved to  have a stim ulating  effect on ossification even in case of larger 
cavities, besides being an easily procurable and cheap m aterial. Because 
of its advantages, the  m ix ture of pulverized egg-shell and  p laster has 
been em ployed in clinical practice w ith  good results (see p. 251).
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CLOSING A D D RESS 
by
K . H . K n e s e
DEPARTMENT OF HISTOLOGY AND EMBRYOLOGY 
AGRICULTURAL HIGH SCHOOL, STUTTGART-HOHENHEIM, GFR
A l l o w  me, as the  last d ay ’s chairm an of th is successful Symposium , to  
speak in  th e  nam e of all th e  p artic ipan ts . I  wish to  express our heartfelt 
th an k s to  the  H ungarian  Academ y of Sciences and  to  you Professor Krom - 
pecher and  your assistan ts for the  inv ita tion  to  Debrecen and for the 
excellent organization of th is Symposium .
We have been deeply im pressed by the  lectures read here and particu la rly  
by th e  achievem ents of vour In s titu te  which we had  o p portun ity  to  studv  
closer in the  dem onstration room. A t the  sam e tim e I  wish also to  th an k  
you for th e  cordial and  friendly reception and  hospitality  we have experi­
enced here. I  ask you Professzor K rom pecher to  convey our sincere th an k s to  
all th e  ladies and gentlem en who have taken  p a rt in the  prepara tion  and 
organization of th is Symposium.
Considering the  g reat num ber of lectures and  subjects, 1 shall no t m ention 
the  nam es of the lecturers in the  following sum m arization of the  Symposium .
The s ta rting  po in t of the discussion on callus is the  clinical observation. 
In  th e  course of clinical lectures, chiefly m ethods of trea tm en t have been 
discussed which result in the  firm  connection of the  frac tu red  bone ends 
by regeneration. By direct contact of the broken bone ends the  form ation 
of a too extensive callus seems to  be avoidable, and  a m orphologically 
and estheticallv  good result can be ob tained  and, concom itantly, a  perfect 
function. The sta tem en t th a t  in  each case medical judgm ent should be 
preferred to  any schem atic trea tm en t is rem arkable. In  any  case, every 
trea tm en t requires ab undan t experience.
The conclusions draw n from clinical observations and experim ental 
investigations on callus form ation and  tran sp lan ta tio n  are very complex. 
W hen the mechanism of callus form ation has been discussed, it was rem ark ­
able th a t  simple m echanical in terp re ta tion  of the  process of frac tu re  healing 
was m ostly declined, though the  im portance of mechanical factors and  th a t 
of function were no t contested. In assessing the  chemical and  horm onal 
influences affecting th e  process of fractu re healing, special im portance 
was a ttr ib u ted  to  the  vascular system  in callus form ation. The presen tation  
of the  phylogenetic relations of supporting tissues have been very impressive.
A nother group of investigations was concerned w ith the  histology of 
callus and  bone tissue. They pointed out the  s tructu re  of th e  developing 
callus trabeculae and osteons bridging over, by  osteosynthesis, the  gap 
between the  fractu re ends.
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F urther lectures dealt with topochem ical, autoradiographical and  electron 
microscopical investigations of cell populations. Investigations w ith  te t r a ­
cyclines are also w orth m entioning. In  th is respect, all lecturers have em pha­
sized th a t in discussing processes occurring in the  intercellular substances, 
certain  tissu lar and  enzym atic occurrences m ust be investigated. In  this 
connection, different groups of substances as scleroproteins, m ucopoly­
saccharides and m inerals have been dealt with. Thus, I  have come to  the 
com prehensive presentation of the  biochem istry of bone tissue, and in 
connection w ith cytological investigations to  m olecular biology w ithin the 
fram e of callus form ation.
Surveying th e  to ta lity  of the  subjects discussed here, we have th e  im pres­
sion of standing before a lo t of fragm ents ju st as we have seen in  fractures 
shown in X -ray pictures. B u t—sticking to  the  term inology of the  Sym ­
posium - we have to  look for a 'n a il’ or 'compression p la te ’ which would 
connect all these subjects in a  final un ity , ju st as in the  case of a  well- 
healed fracture. P erhaps we can find such a  'na il’ if we go back to  the older 
conceptions of Petersen, renewed recently  by P. Weiss and  W. J . Schm idt, 
nam ely to  th e  h ierarchy of the  scale of orders. By including the  facts 
discussed here in th is hierarchy, a t one end we find the  healthy or sick 
m an and a t th e  o ther end, the  molecule. By penetrating  fu rth e r in th e  direc­
tion of th e  molecule, we lose Life, according to  W. J . Schm idt. The phenom ­
enon of life arises if  one advances from a lower degree to  a higher one 
and  in  the  course of this gradual progress each higher step  provides more 
th an  the  simple sum m ation of the  degrees below it. This tra in  of though t 
m ay b e —as a repetition  of th e  theory  of to ta lity  (Ganzheilstheorie) 
refuted  or questioned. Still, according to  P. Weiss, we m ust have the  courage 
to  apply  it .The healing process disclosed by the  X -ray p icture can be under­
stood only if we know the histology of the  callus, and the la tte r  can be u nder­
stood only if  we deal w ith the  cells of the  callus, and  the  cells are known 
only if  we advance as far as molecular biology. Thus, for the  fu rth e r fru itfu l 
investigation of the  callus, the  barriers between the  steps of this scale 
should be broken through  by  collaboration of the  representatives of different 
disciplines. The partic ipan ts  of the Symposium have been entirely  of the 
opinion th a t  beyond the  stim ulus we have received here, we m ust m eet 
again a t a given tim e. A proposition has been m ade to  form a free association 
of Callus Symposium which would deal w ith  problem s of bone regeneration. 
As Dr K oskinen has proposed Helsinki for the  nex t Callus Symposium, 
I  th in k  Professor K rom pecher and D r K oskinen should form  a k ind  of Orga­
nization Com m ittee to  decide upon the  place and date  of the  nex t Callus 
Symposium .
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